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1.0 BRIEF SITE DESCRIPTION

The Olin Chemical Corporation, Wilmington facility is located at

51 Barnes Street, Wilmington, Massachusetts. The facility which formerly

was owned by Stepan Chemical Company and National Polychemical.

respectively, manufactures chemical blowing agents, stabilizers,

antioxidants, and other specialty chemicals for the rubber and plastics

industry. The site has been the location of a chemical manufacturing facility

since 1953 with several hydrogeologic and environmental studies conducted

since 1977.

Past waste disposal practices have resulted in contamination of

groundwater supplies near the site. Past disposal practices included the

dumping of waste into open pits and ditches located throughout the site.

These practices were modified in the early to mid 1970s by Stepan Chemical

Corporation.

Waste management practices instituted by Olin Chemical have included

Hypalon lined lagoons, landfilling of sludge, an interceptor well system, and

tank/drum storage areas. File documents contain reports of leaking PVC

liners, unlined drum storage pads and overflowing conditions at the lagoon's

during the years of ownership by Stepan Chemical.

Review of the existing hydrogeologic investigations indicate that

contamination of groundwater has occurred due to leakage from the lagoons

and remnant effects of the former acid pits. Primary suspect causes of

surface water contamination are leakage from the tank/drum storage areas

and contaminated groundwater discharge to the surface water route.

Olin Corporation submitted closure plans for its Wilmington plant's

facilities on April 14, 1986 to the MDEQE and the USEPA. Olin ceased

chemical production at the Wilmington facility on July 1, 1986 and product

blending processes on or about September 1, 1986.

Information gathered during the current PA/SI investigation has

resulted in the calculation of a Hazard Ranking System migration score (S )

of 42.49. Recommendations for further action include additional

environmental monitoring, expansion of the study area to possibly include

local private wells, and development of remedial measures to control or

remove residual contamination.
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2.0 SITE LOCATION

Figure 1 presents the USGS 7.5 minute Topographic Map for the

Wilmington, Massachusetts quadrangle which identifies-the-site location. The
/x ^^s

geographic,.coordinates of its site are approximatei$^420 30' 48" north latitude

and 71° 09' 10" west longitude.

>U X
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3.0 SITE HISTORY

Chemical plant operations began at the 51 Eames Street site in 1953

under the ownership of National Polychemicals, Inc. In 1971, National

Polychemical merged with Stepan Chemical Company. The property was

later purchased by Olin Chemical Group in September 1980 from Stepan

Chemical. Olin Chemical initiateoTclosure activities in 1936 at the 51 Eames

Street site. *'••"' :!

Primary site activity during the years of operation included the

synthesis of various compounds used as blowing agents, antioxidants,

stabilizers, resinous solids, and numerous coatings for rubber and plastics

products. Reference 4 contains lists of raw materials and waste products

associated with chemical processes used by National Polychemicals, Inc. and

Stepan Chemical Company between 1953 and 1978.

In 1969, National Polychemical began a waste segregation and

abatement program in order to aid in abatement of pollution in the Abjerona

River and prepare for pretreatment of all process waste prior to discharge to

the Metropolitan District Com mission (MDC) sewer line. The connection to

the MDC sewer line was not completed during ownership by National

Polychemical. As a result of the installation of closed cooling water systems,

a 90 percent reduction of aqueous wastes was achieved. All other wastes

were discharged on site.

National Polychemical utilized three sewer systems at the site for
waste disposal. These systems included the following:

Sanitary Sewer System - Transported domestic wastes from

various buildings to septic tanks for removal of gross solids.

Effluent from septic tanks was allowed to leach into the ground

via conventional tile field systems. This system is currently still

in use.

Process Sewer System - Contained an epoxy four to six-inch pipe

system to transport concentrated acid wastes from Plants C-l,

C-3, and Building 17 into the acid pit southeast of the plant.
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Additionally, a cast iron and clay pipe system collected wastes

other than non-acid process wastes and transported them to the
acid pits also.

Yard and Process Floor Drainage System - Contained

miscellaneous effluent and transported the waste to the area

where Lake Poly was located. These wastes drained into the west
ditch.

The three acid pits which totalled an estimated area of one-half-acre

were situated on an east-west line 400 feet south of the site's railroad spur.

The center pit contained acid wastes from the plant's Kempore process. The

pits located to the east and west reportedly exhibited emergent vegetation

and algal growth, while the center acid pit was sterile. During periods of

high waste discharge or heavy rainfall, overflowing conditions may have

occurred. Present day lagoons are situated in the general vicinity of the pits

(Figure 2).

Prior to 1971, all waste material was deposited on site into the acid pits

or directly into drainage ditches located along the east, west, and central

portion of the site. These wastes ultimately drained or leached into the

eastern ditch (along the Boston and Maine railroad tracks) which flows into

Hall's Brook and Aberjona River.

Upon merger in 1971, Stepan Chemical instituted modifications to the

waste disposal practices which were previously utilized by National
Polychemical. These modifications were further enhanced by Olin Chemical

upon their purchase of the facility.

According to Stepan personnel, waste was divided into two groups,

1) sulfate bearing and 2) non-sulfate bearing. The latter is treated by Stepan

and discharged into an underground sewer line which connects to a sewer line

owned by the Town of Wilmington. The Town of Wilmington sewer line

connects to a Metropolitan District Commission sewer line. Liquid

containing sulfates was mixed with a calcium hydroxide slurry to form

calcium sulfate sludge which was pumped into either of two polyvinyl

chloride (PVC) lined lagoons located at the site. Lagoon 1 and Lagoon 2 -vere
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constructed in 1972 and 1973, respectively (Figure 3). The amount of calcium

hydroxide slurry added to effluent containing sulfate was such that the
resulting sludge may have a pH as high as 11. The lower limit of pH for

f
material pumped into the lagoons is 1.4. [\\f

Sludge remained in the lagoons until it had air dried sufficiently to be

removed. Periodically (on the order of once every one or two years) the

"dried" sludge was removed from the lagoons and placed in a landfill area in

the southwest corner of the site (Figure 4). According to Stepan personnel,
sludge was removed from the lagoons with a clamshell bucket loader and put

into trucks for transport to the landfill. Stepan personnel noted on several

occasions that sludge in the lower portion of the lagoons remains in a wet

state and that the clamshell could not lift this wet material because of its

tendency to flow out of the clamshell bucket. Excessive wetness of the

sludge may have been due to insufficient evaporation or that groundwater

was in hydraulic contact with the sludge due to faulty liners. Presently, no

data or information indicating that the sludge landfill is impacting

environmental conditions is available.

Upon purchase of the facility, Olin Chemical instituted many changes

at the site. Modifications/remedial measures instituted by Olin Chemical at

the Wilmington facility included the following:

Quarterly sampling and monitoring of 18 existing groundwater

wells on site. Additionally, 20 other groundwater monitoring

wells were installed from 1983 to 1986. The monitoring program

is continuing.

Cleanout and repair of Lagoon 2. Lagoon was dewatered in

May 1982, and allowed to dry to facilitate handling of the sludge.

Replacement of the liner occurred about June-July 1983.

Lagoon 1 was cleaned and repaired in 1981. Liners used were

36-mil Hypalon covered by one foot of compacted sandy/clay

material.
An interceptor well system instituted in April 1982 (Figure 5).

Groundwater was pumped from the ground in the vicinity of the
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FIGURE 3
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FIGURE 4

Sludge LandfiU

Southwest corner of site



FIGURE 5

Groundwater Interceptor System

Northeast corner of site adjacent
to east ditch and tank farm 1



east ditch and utilized as non-contact cooling water. Discharge
of cooling water occurred to the MDC sewer lines. This remedial
action is still in place at the site.

Contaminated soil (20 cu. yd.) along the east ditch which

reportedly resulted from disposal/storage practices associated
with Stepan Chemical were removed in November-

December 1982. Contaminated soil was removed for disposal at

SCA, Inc. Hazardous Landfill in Model City, New York. TTie

excavated soil was replaced with clean stone and fill.
Olin has conducted extensive work on both the non-sulfate

(non-process waste) and sulfate in-plant sewer lines (process

wastes). Actions included cleaning and replacement of sewer

lines and manholes.

Olin Chemical initiated closure activities at the Wilmington plant and

submitted closure plans on April 14, 1986 to the MDEQE and the USEPA.

Olin ceased chemical production operation at the Wilmington facility on

July 1, 1986 and product blending processes on or about September 1, 1986.
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4.0 STTE INFORMATION

4.1 TOPOGRAPHY

The Olin Chemical site is located at 51 Eames Street, Middlesex

County, Wilmington, Massachusetts. The site is approximately 50 acres and

is bounded on the north by Eames Street, on the east and west by Boston and

Maine railroad tracks, and to the south by the Wilmington/Woburn Town line.

The manufacturing buildings are located in the northern section of the

site along Eames Street while the southern section remains forested. Two

sludge lagoons are located in the central area of thdsite. A sludge landfill

area is located in the southwest corner of the site.

Land use is in the vicinity of the site is predominately commercial with

private homes located 0.5 miles to the northeast and southwest of the site.

Surrounding businesses include light industries, warehouses, distribution

centers, a concrete manufacturing plant, and a chemical facility.

^Located within the central section of the site is an estimated 12 to

15-acre Zetland area (Figure 6). This wetland area includes both palustrine

emergent and palustrine forest areas. Other wetland areas are located within

one mile to the east and west.

Elevation at the site ranges from approximately 70 to 100 feet MSL.

Topographic highs are located in the northern and southern sections of the

site resulting in slopes estimated at 5 to 10 percent towards the on-site

wetland.
Located south of the site, adjacent to the sludge landfill is the Town of

Woburn's Municipal Landfill. Drainage from the Woburn's landfill may be

entering onto Olin property.

4.2 SURFACE WATER

There are no major surface water streams located on the site. A series

of drainage ditches apparently routes the flow of surface water away from

the manufacturing buildings (Reference 2, Figure III-I). These ditches

parallel approximately north-south along the east and west boundaries. A

third ditch bisects the center of the site in an east-west direction.
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The Massachusetts Division of Water Pollution Control has established

that the east drainage ditch (Figure 2) is a Class B waterway suitable for the

propagation of fish and for primary and secondary contact recreation. The

east ditch is adjacent to Boston and Maine railroad tracks and during the

Wehran site inspection exhibited a very murky, rust-colored appearance.

Surface waters within the area are typically of poor water quality.

Additionally, Federal Superfund sites are located within the same watershed.

Within the Olin property boundaries, the three drainage ditches merge

into the east ditch. Surface water is transported approximately 0.9 miles

downgradient of the site (south-southeast) to Hall's Brook. Hall's Brook flows

0.2 miles before merging with the Aberjona River. The Aberjona River

empties into Mystic Lake approximately 5.7 miles downstream of its

confluence with Hall's Brook. These water systems are located within the

Mystic River Basin and are all Class B waters. Surface water quality

standards for these surface waters are presented in 314 CMR4.

4.3 HYDROGEOLOGY

The hydrogeology of the area surrounding the Olin Chemical site is

described by Malcolm Pirnie (1982) and Geotechnical Engineering (1978).

These reports are included in Appendix A, References 2 and 3, respectively.

Generally, bedrock underlying the site consists of gneissic rock with

quartz-filled fractures. Depth to bedrock varies from 0-23 feet below the

ground surface. Outcrops with steeply dipping fracture planes are located in
the northwest and southwest corners of the site and along the eastern

drainage ditch. A bedrock valley which dips to the west is reported as

occurring in the central portion of the site in the vicinity of the present day

lagoons.

Unconsolidated deposits at the site consist of till and outwash. Till

consisting of unstratified, poorly sorted sands, silt, gravel with occasional

cobbles and boulders overlies the bedrock. Outwash materials composed of

graded sands and silts with traces of clay and gravel overlies the till. An

organic surface layer was encountered near the low lying swampy area.
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Well logs from monitoring wells indicate groundwater levels at zero to

nine feet below the ground surface. A natural groundwater gradient towards

the south-southeast is reported in the unconsolidated deposits. However,
variation may exist due to the bedrock configuration and the location of

on-site recharge areas.
Malcolm Pirnie (1982) reports a north-south trending groundwater

mound is superimposed on this natural gradient in the area which underlies

Lagoon 1 and the buildings to the north of Lagoon 1. This mound is probably

influenced by man-made inputs. Leakage from the lagoons probably

contribute to the south end of the mound. Groundwater recharge by roof or

foundation drains from the buildings and possibly leakage from sewer lines
also represent a minor contribution.

Thirty-six monitoring wells have been installed at the site and

accurately describe the unconsolidated deposits, but due to their shallow

depth, these wells do not penetrate bedrock and do not identify a confining
layer above the rock to restrict downward vertical migration of

contaminants. Downward vertical contaminant migration is suggested by the

Malcolm Pirnie data for ammonia, chlorides, and sulfates in nested wells.

For the purpose of calculating an HRS score, a hydraulic connection between

the bedrock and unconsolidated deposits will be assumed to exist and all

contaminant wells identified in the area within a three-mile radius will be

included for deriving a preliminary HRS score. Guidance for this assumption

is based on the 1986 National Priorities Superfund Seminar, where Mitre
Corporation indicated that two aquifers may be considered a single

hydrogeologic unit, if site-specific data indicates that no confining layer is

present (Reference 15).

4.4 WATER SUPPLIES

Most residents within the Towns of Wilmington and the adjacent Towns

of Woburn, Burlington, and Reading, rely on municipal water systems for

domestic water needs. These municipal systems currently obtain water from

groundwater reserves. Municipal water distribution maps for Woburn,

Burlington, and Reading have been obtained and included in the site file.

Wilmington presently does not have a distribution map.
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In the area just southwest of the site, approximately 20 homes are
located along Main Street near the Wilrnington/Woburn town line.
Information obtained from Mr. Paul Duggan, Town of Wilmington, Water
Superintendent, indicates that these homes are not serviced by municipal

water. Domestic water supplies for these homes are obtained from private

groundwater wells. Contacts with the water and health department revealed
that there is no documentation of these wells and no indication as to which

aquifer they are located in (Appendix A, Reference 14).

Mr. Duggan has also provided information indicating that two

groundwater wells are located at the Wilmington water treatment facility
located 4,000 feet northwest of the site. Two pumping stations are located

to the south and east of the water treatment plant and supply raw water to

the municipal system also. Approximately 17,000+ people are served by the

Wilmington municipal system.
Two municipal wells are located within three miles to the south of the

site in the Town of Woburn. These wells were (Recently removed from the

Woburn municipal system due to water quality problems.

Information on the location and usage of private wells in the vicinity of

the site is insufficient to fully assess potential impact concerning human

health. Reading Health Department has obtained a list of addresses with

private wells. Woburn and Burlington Engineering and Health Department

have no information on private wells.

4.5 PAST SAMPLING AND ANALYSIS

Previous investigations at the Olin Chemical Wilmington facility have

included three subsurface investigations to define on-site hydrogeology

(Malcolm Pirnie 1982, New England Pollution Control Company 1980,

Geotechnical Engineering, Inc. 1978), and one investigation to determine

compliance with RCRA and/or the 311/104 Clean Water Act (Ecology and

Environment 1980).

Under authorization from the Massachusetts Water Resources
Commission, Division of Water Pollution Control (DWPC) (Contract

No. 9708-11-100-5-77-CR), Geotechnical Engineers, Inc. (GEI) conducted
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12 soil and rock borings on the Stepan Chemical property (see Appendix A,

Reference 3). Groundwater wells were installed in 11 of these borings to

obtain groundwater levels and water samples. During the period of 1977 to

1978, GEI collected 58 groundwater and 57 surface water samples from the

site. These samples were subject to inorganic analysis only.

A summary of the GEI analytical data indicated a zone of high chemical

concentrations in the vicinity of the lagoons. GEI attributes the

contravention of groundwater quality to leakage from the lagoons or remnant

effects from the former acid pits. Groundwater data from the GEI study are

presented in Appendix A, Reference 3.

GEI reports surface water contamination due to groundwater discharge

in the vicinity of the east ditch. Inorganic contamination becomes more

apparent as the surface water flows north to south along the eastern ditch.

However, the pH concentration remains unchanged or becomes slightly more

neutral.

In 1980, New England Pollution Control Company, Inc. (NEPCO) was

requested by Olin to investigate the area on the eastern boundary of the site

where black material was discharging out of the east bank. Eleven soil

borings were made and five observation wells were installed. Samples of the

black material were analyzed and groundwater measurements were made to

determine direction of flow. Copies of the NEPCO data have not been

included in this report.

Also during 1980, Ecology and Environment, Inc., under authorization

from the USEPA Region I, Office of Uncontrolled Waste Sites, conducted a

site investigation to determine the potential environmental contamination

(Appendix A, Reference 4). Surface water sampling was performed by the

USEPA on January 23, 1980 on surface water in the east drainage ditch.

Results of these samples indicate that moderate to high levels of

1,1-diochloroethane, 1,1,1-trichloroethane, trichloroethylene, toluene, and

xylene are present in surface water upstream of the site. In addition to the

above compounds, 1,1,2-dichlorethylene and 1,1,2-trichloroethane were

detected downstream of the Stepan/Olin site.
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Analytical results from the groundwater analyses have not been

obtained. However, the presence of a black seep in the vicinity of the east

ditch is confirmed. Ecology and Environment, Inc. documents presence of

this seep and confirms the existence of the phthalate, diphenolamine,

dioctylamine, and other organics in the seep material.

Malcolm Pirnie, Inc., under contract with Olin Corporation,

investigated site conditions in 1982 at Olin's Wilmington Plant. Ten new

monitoring wells were installed at the site to bring the total to 26 monitoring

wells. The number of samples obtained were groundwater (30), surface

water (14), sewers (3), and lagoons (3). A summary of Malcolm Pirnie's

conclusions fronti the hydrogeologic and inorganic data are as follows:

Surface water flow is controlled by the three ditches.

Groundwater hydrology is governed by the topography and bedrock

configuration. The regional groundwater flow is towards the

southeast and occurs mainly in the unconsolidated material.

A water budget analyses and subsequent physical inspection was

used to determine that sludge Lagoon 1 was leaking. (Lagoon 2

was not analyzed but actions were initiated to replace both

liners).

Specific conductance values were reported high in the areas

surrounding the lagoons near the northeast storage tanks, and near

the west ditch. The two source areas for dissolved species
appeared to be the areas surrounding the lagoons and the storage

tanks.

Remnants from the former acid pits in the vicinity of the lagoons

appear to be the source for H+ ions, ammonia nitrates, chlorides,

sulfates, chrome, cadmium, and lead.

Organic analysis of Malcolm Pirnie's groundwater samples indicate that

there appears to be two minor areas of volatiles in the groundwater. The

first area is around the northeast storage tanks, where mid to upper range

concentrations (0.05 to 0.20 mg/1) of toluene were found in Wells GW-2+2A

and GW-16 (Figure 2).
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The second area of high concentration (greater than 0.20 mg/1) is

around the lagoons and the nearby plant area. Moderate to high

concentrations of bromoform, 1,2-dichloroethane, and toluene appear in

Wells GW-6, GW-7, and GW-19D which surround the lagoon area. As

discussed earlier, Lagoon 1 was believed to have had a ruptured liner during

this study. This condition would have allowed infiltration of liquid into the

groundwater.

Surface water samples analyzed for organic volatiles detected no

apparent on-site contamination. However, contamination appeared to be

entering the east ditch from off site (north) sources.

Base/neutral compounds were also detected in elevated concentrations

in groundwater samples. These included bis(2-ethylhexyl)phthalate, butyl

benzyl phthalate, di-n-butyl phthalate, N-nitrosodiphenylamine, and

dioctyldiphenylamine.

There appears to be two source areas of B/Ns on sits. The first is

around the northeast storage tanks. This source appears to be localized and

is due to past activities in the area around the tanks. The second area is

located around the lagoons. This source area is much more generalized, and

is evidenced by mid to upper range concentrations.

Bis(2-ethylhexyl) phthalate occurs in upper range concentrations

(greater than 0.20 mg/1) in both areas, with the highest concentrations

occurring near the storage tanks.

N-nitrosodiphenylamine and dioctyldiphenylamine are distributed

around the source areas in a similar fashion to bis(2-ethylhexyl)phthalate, but

they are less widespread over the site. Butyl benzyl phthalate and di-n-butyl

phthalate occurred in low to moderate concentrations (0.05 to 0.20 mg/1)

around the two source areas.

Base/neutral compounds detected in surface water samples were

bis(2-ethylhexyl)phthalate, N-nitrosodiphenylamine and dioctyldiphenyl-

amine. Monitoring of the surface water at the Olin site indicates that

discharge of base/neutrals into the surface water occurs primarily on the

eastern side of the site. Base neutrals do not appear to be coming in from

off-site to the north as was the case with the volatiles. Sources of
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contamination appear to be both leakage from the NE storage tanks and from
ground-water discharge.

Surface and groundwater samples obtained during semi-annual

monitoring activities at the Olin Chemical site have mostly been targeted at

analysis of inorganic parameters. These data suggest the source area for
+6 +3contamination by chrome (Cr and Cr ), sulfate, chlorides, nitrates, and

specific conductance is the area surrounding the sludge lagoons (former pit

area).
Remedial actions designed to mitigate the above-referenced

contamination have included replacement of damaged lagoon liners, lined

drum storage areas (Figure 7), groundwater interceptor wells, removal of

contaminated soil along the east ditch and replacement/updating of sewer

lines. Continuing quarterly monitoring has continued at the site with similar

patterns of contamination as outlined by Malcolm Pirnie.

In summer of 1986, 10 new groundwater monitoring wells were installed

along the west site boundary to explore the effect of the bedrock trough on

the site-specific groundwater flow. Sampling data from the wells are not yet

available.
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Drum Storage Areas

Center of site - waste previously removed
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5.0 PATHWAYS AND RECEPTORS

Past disposal practices at the Olin Chemical facility have resulted in

groundwater contamination in the vicinity of the site (Malcolm Pirnie 1982,

Ecology and Environment 1980, GEI1978). Presently, vertical contaminant

migration remains undefined, while horizontal migration and subsequent

discharge into the drainage ditches located at the site has been well

documented.

Both Malcolm Pirnie (1982) and Geotechnical Engineers, Inc. (1978)

have documented groundwater discharge to the drainage ditch complex

located on the- site. In the vicinity of the east ditch, the groundwater

interceptor wells should be providing sound mitigative measures to alleviate

detrimental discharges to the surface water. However, this can only be

verified by continued monitoring. Groundwater discharges to the south and

west ditches are currently incorporated into the wetland flow which exits the

site via the surface water pathways. The surface water is not used for a

drinking water supply within three miles of the site.

Potential receptors of groundwater contamination include the private

homes located southwest of the site, the Wilmington municipal well located

west of the site and the private wells located within the Towns of Wo'ourn and

Reading. Because the previous hydrogeologic investigations have suggested

that the contaminants in groundwater at the Olin site are flushed into the

surface drainage paths exiting the site, the potential for a wide area of.

contaminated drinking water attributable solely to the Olin site is not

apparent. However, there is insufficient information available on deep

aquifer quality and no data on site specific bedrock aquifer characteristics to

establish boundaries on the zone of potential groundwater contamination.
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6.0 ASSESSMENT OF DATA

On September 16, 1986, a site inspection was performed by Wehran

Engineers and Scientists to evaluate the need for further action at the Olin

Chemical site. Information obtained during the site inspection was combined

with file information to obtain an HRS score of Sm = 42.49, Svv = 0,
in r n

SDC = 0.00.

6.1 GROUNDWATER ROUTE
A groundwater route score of S^ = 73.08 was calculated for the Olin

Chemical site. Scoring is based primarily on two factors: 1) the

presence/documentation of contamination in the groundwater which has

resulted from improper waste disposal practices by the former site owners,

and 2) the exclusive reliance of local residents on groundwater wells (both

municipal and private).

Groundwater movement is anticipated to be towards the southeast in

the vicinity of the site. However, the effect of the bedrock trough, located

near the lagoon, on the groundwater directional flow is unknown. Data from

the new wells installed by Olin during summer 1986 should alleviate this

deficiency.

The impact of groundwater contamination on the private and municipal

wells located near the site is unknown. A survey of selected private wells,

especially those located immediately southeast of the site in the Town of

Worburn, is recommended to determine what aquifer is being used by

neighboring residents.

6.2 SURFACE WATER ROUTE

The HRS route score for surface water (S ) was 7.97. Low scoring is
o W

due to no significant use and/or impacted population downstream.

Although a release to the surface water route has been scored, the

impact on the surrounding environment is not believed to be extensive.

Dilution of surface water combined with the buffering effect of the adjacent

wetland may have provided some environmental protection to the surface

water route.
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6.3 AIR ROUTE

No measurable readings of organic vapors were detected with the HNU
Photoionizer during the site inspection, resulting in an air route score of

zero. Additional air monitoring should be performed during any subsurface
investigation to check for possible contamination resulting from disturbance
of the ground by subsurface drilling and also as a standard safety measure for

personnel involved in the investigation.

6.4 FIRE AND EXPLOSION

To score the fire and explosion hazard route either a state or local fire

marshall must have certified that the facility presents a significant fire or

explosion threat to the public or to a sensitive environment, or there must be

a demonstrated threat based on field observations (e.g. combustible gas

indicator readings). The available records give no indication that either one

of these actions has been taken. Further, the available data do not suggest
any imminent threat of fire and explosion at this site. Therefore the route

score cannot be completed.

6.5 DIRECT CONTACT

Controls to access at the site include fencing which surrounds the

entire site and restricted vehicle access by manned security gates. Drum

storage areas and lagoon disposal areas are also fenced within the site. No

documentation of direct contact incidents due to waste disposal practices
have been obtained. The Olin Chemical site does not appear to present any

evironmental or human health threat due to direct contact. The direct

contact score (SDC) is 0.00.
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7.0 SUMMARY AND CONCLUSIONS

It is apparent from the existing data that groundwater and surface

water in the vicinity of the site has been impacted by waste disposal

practices prior to ownership by Olin Chemical group. Source points for

contamination are located in the vicinity of the sludge lagoons and the tank

farms along the east bank.

Olin Chemical has conducted several projects at the site which have

been targeted at site investigation and remediation. These projects should

continue and should also be incorporated into the strategies being developed

for closure of the Wilmington facility.

It is recommended that additional remediation plans/alternatives be

incorporated into the development of a Closure Plan. Quarterly monitoring

should continue until closure activities are completed. At that time, a

re-evaluation of post-closure activities is recommended.
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8.0 RECOMMENDATION FOR FURTHER ACTION

Information gathered during the PA/SI investigation indicates that

contaminants are being released from the Olin site via groundwater and

surface water pathways. This site has been investigated thoroughly by Olin

and, as a result, much useful information has been gathered to support

remedial design. The ongoing work by Olin has also pointed to a few areas

that should receive further attention. These areas include the on-site

wetland (south-ditch complex), alledged drum disposal areas, and Tank

Farm 1. Based on Wehran's review of existing data on this site, the following

subtasks should be evaluated for inclusion in the ongoing remedial work by

Olin:

Surface water and sediment sampling of the wetland south of the

current lagoons.

A geophysical survey to identify possible drum burial areas north

of Lagoon 2.

Soil borings in the vicinity of Tank Farm 1 to determine potential

for leakage from tank storage areas and extent of soil

contamination.

Inclusion of the hydrogeologic data obtained from the

10 monitoring wells installed in 1986 to evaluate the potential for

contaminant migration off site.

Survey and possible sampling and analysis of private and public

wells located in the immediate vicinity of the site. This survey

may also call attention to the bedrock aquifer, if used.

Development of investigative procedures to define contaminant

plume characteristics.

Development of remedial alternatives to control or remove

residual contamination remaining from previous site disposal

activities.
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Facility Name: Olin Chemical

Location: 51 Eames Street, Wilmington, Massachusetts

EPA Region: I

Personfe) in Charge of the Facility: Mr. David Vaughan

Name of Reviewer: David Tompkins Date: September 22, 1986

General Description of the Facility:

(For example: landfill, surface impoundment, pile, container; types of
hazardous substances; location of the facility; contamination route of major
concern; types of information needed for rating; agency action, etc.)

The Olin Chemical site is a manufacturing facility where organic and
inorganic compounds are utilized in the plastics industry. Past disposal
practices at the site have included acid waste deposition in pits, use of
unlined lagoons, and direct placement of waste into drainage ditches. In
addition, there is a sludge landfill in the southwest corner of the site.

Both municipal and community wells are located within one mile of the site.
Monitoring wells located on site have indicated the presence of organic and
inorganic compounds in the groundwater reserve. Documented discharges of
groundwater to the surface water route increases the potential for
contaminant migration off site.

Scores: S,, = 42.49 (S = 73.08 S = 7.97 S = 0.00)M gw sw a

SFE = o.oo
SDC = o.oo

HRS COVER SHEET



GROUND WATER ROUTS WORK SHEET

Rating Factor

UJ Ooserved Release

Assigned Value MuJti- s Max. flef.
(Qrcle One) plier Score (Section)

0 (4?) 1 45 4fl . 3 . 1

If oOserved release is given a score o< 45, proceed to line Q.
if ooserved release is given a score of 0, proceed to line (2j.

H3 Route Characteristics 3.2
Oeptfi t o Aquifer o f 0 1 2 ( T ) 2 6 5
Concern

Net Precipitation 0 1 @ 3 1 2 3
Permeaoility o f trie 0 1 0 3 1 2 3
Unsaturated Zone

Pnysicai Slate 0 1 2 (3) 1 3 3

iil Containment

Total Route Charactermcs Score 13 IS

0 1 2@ 1 3 3 3.3

Q Waste Characteristics ^_ 3.4
Toxicity/ Persistence 0 3 8 9 12 13(^8; 1 18 18
Hazardous Waste 0 0 2 3 4 3 5 7 3 i 1 a
Quantity

L£j Targets
Ground Water Use
Distance to Nearest
Wen /Population
Served

Total Waste Characteristics Score 19 26

3.5
0 1 2 3 ) - 3 9 9

) o * « a 10 1 4n AC
} 12 18 18 20 ^
J 2* 30 32 35 @

Total Targets Score 49 49

C2 If line 0 is 45, muitioiy Q3 * El * (H 41,895
If line [H Is 0, muitioiy [2] » (U « E3 * HI 57.330

ill Divide line [j\ By 57,330 and multiply by 100 Sav*- „«, nQ
^"" . • ( i) . 1 1 0



SURFACE WATER ROUTS WORK SHEET

Rating Factor

LJ Observed Release

Assigned Value Multi- .
(CircJeOne> alter 5cor9

0 @ 1 45

Max. Ref.
Score (Section)

45 4.1

If ooserved release is given a value of 45, proceed to line Q].
If ooserved release is given a value of 0. proceed to line fjl.

L2i Route Characteristics
Facility Sloqe and' intervening 012 (T) 1 3
Terrain -^

1-yr. 24-ftr. Rainfall 0 1 (2) 3 1 2
Distance to Nearest Surface 0 1 2 (3j 2 R
Water

Physical State 0 1 2 (3) 1 3

Total Route Characteristics iicore 14

S Containment

H Waste Characteristics
Toxicity / Persistence
Hazardous waste
Quantity

0 1 2 'X 1 3

4.2

3

3
S

3

15

3 4.3

4.4

0 3 8 9 12 13(18) 1 ig 18
0(T} ' 2 3 4 5 5 7 8 1

Total Waste Characteristics Score 19

\H Targets
Surface Water Use
Distance to a Sensitive
Environment

0 1 (2) 3 3 «
0 1 2 3 2

a

26

4.5

9

S

Peculation Served/ Distance t (o) 4 s 3 10 1 n *0
to Water intaKe
Downstream

1̂  18 18 20
J 24 30 32 35 40

Total Targets Score R

[H If line Q] is 45. multiply
If line Q is 0, multiply [

03 x a , a ' 5jl3n
13 x S x E x S'

55

54.350

LJ Divide line [?] By 64.350 and multiply by 100 Ssw - 7.97



AIR ROUTE WORK SHEET

4*°

Rating Factor Assigned Value
(Circle One)

Muitt-
plier

.
cor

Max.
Score

Ret.
(Section)

Observed Release 5.1

Date and Location:

Sampling Protocol:

If tin* (Tj is 0, in* S - 0. Enter on line (?)
If tin* i« 45. tnen proceed to line 0 .

Wast* Characteristics
Reactivity and
Incompatibility

Toaicity
Hazardous Waste
Quantity

0 1 2 i

0 1 2 3
0 1 2 3 * 5 8 7 3

9
3

3.2

Total Waste Characteristics Score 20

Targets
Population Witnm
*-Mile Radius

Distance to Sensitive
Environment

Land Use

0 9 12 13 18
21 24 27 30
0 1 2 3

0 1 2 3

1

2

1

30

a

3

5.3

Total Targets Score 39

Multiply MJ x [2\ x [3] 35.100

Divide line Q by 35,100 and multloly Ay 100 S a • o.flO



Groundwater Route Score <SSvy) 73.08 5,340.69

Surface Water Route Score (S3W)
7.97 63. 52

Air Route Score <S* ) n.nn n . n o

52 +S2
aw *a 5,404.21

, 73.51

•i.*«JA» M " 42.49

WORKSHEET FOR COMPUTING SM



FIRE AND EXPLOSION WORK SHEET N/A

Rating Factor Assigned Value
(Circle One)

Multi-
plier Score Max.

Score
Ret.

(Section)

Containment 1 7.1

S3 Waste Characteristics
Direct Evidence
ignitaoility
Reactivity
Incompatibility
Hazardous Waste
Quantity

0
0 1
0 1
0 1
0 1

3
2 3
2 3
2 3
2 3 4 5 5 7 3

Total Waste Characteristics Score

3
3
3
3
3

20

7.2

Targets
Distance to Nearest
Population

Distance to Nearest
Building

Distance to Sensitive
Environment

Land Use
Population Witnin
2-Mile Radius

Buildings Within
2-Mlle Radius

0 1 2 3 4 5

0 1 2 3

0 1 2 3

0 1 2 3
0 1 2 3 4 5

0 1 2 3 4 5

Total Targets Score

5

3

3

3
5

24

7.3

Multioly M] x \2l x [a 1,440

Divide line [sj oy 1,440 and multiply By 100 S 0.00



DIRECT CONTACT WORK SHEET

Rating Factor Assigned Value
(Orel* One)

Multi-
plier Score Max.

Scare
Ret.

(Section)

Observed Incident 3.1

If line (T| is 45. procaed to line f7j

If line [Tj is 0.'proceed to line [2]

Accessibility (O)l 2 3 3.2

Containment 15 15 3.3

fTT Waste Characteristics
Toxicily 0 1 2(3; 15 15 3.4

Targets
Population Wltnin a
1-Mile Radius

Distance to a
C/itical Haoitat

0 1 2 (J) 4 5

2 3

Total Targets Score

12 20

0 12

12 22

3.5

If line Q is 45, multiply Q x [Tj x QD

if line Q is 0. multiply [T] x [^] x [Jj
o.nn

21.600

Divide line |6j by 21.300 and multiply by 100 SQC • n.nn



June 28, 1982

DOCUMENTATION RECORDS

FOR

HAZARD RANKING SYSTEM

INSTRUCTIONS; The purpose of these records is to provide a convenient way
to prepare an auditable record of the data and documentation used to apply

the Hazard Ranking System to a given facility. As briefly as possible

summarize the information you used to assign the score for each factor (e.g.,

"Waste quantity = 4,230 drums plus 800 cubic yards of sludges"). The source

of information should be provided for each entry and should be a

bibliographic-type reference that will make the document used for a given
data point easier to find. Include the location of the document and consider

appending a copy of the relevant page(s) for ease in review.

FACILITY NAME: Olin Chemical

LOCATION: 51 Eames Street, Wilmington, Massachusetts
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GROUND WATER ROUTE

1 OBSERVED RELEASE

Contaminants detected (5 maximum):
Analysis of groundwater samples in 1982 by Malcolm Pirnie, Inc. detected
two organic volatiles and five base/neutral compounds in elevated
concentration in groundwater samples. In addition, high concentrations of
ammonia, chlorides, sulfates, and chrome were also detected in the
semi-annual monitoring data. This data has been confirmed by subsequent
analysis which detected similar parameters.

Score = 45

Source: References 2, 3, 4, 5

Rationale for attributing the contaminants to the facility:

Groundwater samples were obtained from on-site monitoring wells.

Source: References 2, 3, 4, 5

2 ROUTE CHARACTERISTICS

Depth to Aquifer of Concern

Name/description of aquifer(s) of concern:

Well logs are unavailable for the private wells locatd near the site.
Monitoring well logs from Malcolm Pirnie (1982) indicate that no confining
layer (impermeable barrier) is present between bedrock and the
unconsolidated aquifer indicating the potential for a hydraulic connection.
During the April 1986 National Priorities Super-fund Seminar, Mitre
Corporation indicated that two aquifers may be .considered a single
hydrogeologic unit, when site-specific information indicates that no confining
layer is present to restrict vertical flow. Under these conditions, a hydraulic
connection between aquifers is assumed.

Source: References 2, 3, 15

Depth(s) from the ground surface to the highest seasonal level of the
saturated zone (water table(s)) of the aquifer of concern:

Depth to water table is reported at 0-9 feet (Table 18 GEI).

Source: Reference 3

Depth from the ground surface to the lowest point of waste disposal/storage:

Waste was deposited in lagoon, landfill, acid pits, or directly into drainage
ditches. Depth unknown; assume six feet. Conclusion, waste in contact with
water table.

Score = 3

Source: References 2, 3
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Net Precipitation

Mean annual or seasonal precipitation (list months for seasonal):

40.5 inches (reported by Malcolm Pirnie, 1982)

Source: Reference 2

Mean annual lake or seasonal evaporation (list months for seasonal):

26 inches

Source: Reference 4

Net precipitation (subtract the above figures):

13.5 inches

Score = 2

Source: Reference 4

Permeability of Unsaturated Zone

Soil type in unsaturated zone:

Two principal sub-units have been identified: sand and glacial till.

Source: Reference 2

Permeability associated with soil type:
_o

Site soils-are quite variable. Ranges of permeability are 1.2 x 10 cm/sec to
7.2 x 10~ cm/sec. Average permeability calculated at 6 x 10~ cm/sec.

Score = 2

Source: Reference 2

Physical State

Physical state of substances at time of disposal (or at present time for
generated gases):

Liquids, sludges = worst

Score = 3

Source: References 1, 2, 3
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3 CONTAINMENT

Containment

Method(s) of waste or leachate containment evaluated:

In 1971, PVC line lagoons were installed at the site and used for waste
disposal. Prior to that date, all waste materials were disposed of on site into
acid pits or directly into drainage ditches. In 1979, GEI reported liners were
deteriorating and leaking.

Source: Reference 3

Method with highest score:

No liner, unsound liner, unsound runoff diversion structures.

Score = 3

Source: Reference 4

4 WASTE CHARACTERISTICS

Toxieity and Persistence

Compound(s) evaluated:

Groundwater samples were found to contain elevated levels of bromoform,
1,2-dichloroethane, toluene, bis(2-ethylhexyl)phthalate (DOP), butylbenzyl
phthalate, di-n-butyl phthalate, "N-nitrosodiphenylamine", dioctyldiphenyl-
amine, ammonia, chloride, sulfate, and ammonia.

Source: References 2, 3, 4, 5

Compound with highest score:

Di-n-butylphthlate =18
Bis(2-ethylhexyl)phthalate = 12
1,2-Dichloroethane =12

Source: Reference 6

Hazardous Waste Quantity

Total quantity of hazardous substances at the facility, excluding those with a
containment score of 0 (Give a reasonable estimate even if quantity is above
maximum):

Presently, inadequate information is available to estimate total waste
quantity deposited at the site since 1953. However, the presence of wastes
at the site has been confirmed, so waste quantity will be scored a one.

Score = 1

Source: References 1, 2, 3, 4, 5

Basis of estimating and/or computing waste quantity:

See above
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5 TARGETS

Ground Water Use
Use(s) of aquifer(s) of concern within a 3-mile radius of the facility:
Drinking water

Score = 3

Source: Reference 7

Distance to Nearest Well

Location of nearest well drawing from aquifer of concern or occupied
building not served by a public water supply:

An estimated 20 homes are within 2,000 feet of the site. These homes are
located southwest of the site along Main Street and north of the Town line
(see Reference 7).

Source: References 7, 8

Distance to above well or building:

Within 1,400 feet of the manufacturing facility and within 200-400 feet of
the landfill area.

Value = 4

Source: References 1, 8

Population Served by Ground Water Wells Within a 3-Mile Radius

Identified water-supply well(s) drawing from aquifer(s) of concern within a
3-mile radius and populations served by each:

Wilmington Only

20 homes served by private wells x 3.8 people/homes = 76 people.
Municipal system - 4 wells - 17,000+ people.

Source: References 7, 8, 12

Computation of land area irrigated by supply well(s) drawing from aquifer(s)
of concern within a 3-mile radius, and conversion to population (1.5 people
per acre):

No documentation on irrigation within three miles has been obtained. Area
has a high density of commercial and residential properties; no agricultural
uses or areas have been identified.

Source: Reference 1 and File Review

Total population served by ground water within a 3-mile radius:

Wilmington Only

20 private homes = 76 people
Municipal wells = 17,000+people.
USGS house count indicates a population in excess of 21,790 people. All
municipalities in area of concern use groundwater. Score based on house
count data.

Population = 21,790+

Value = 5

Score = 40

Source: References 7, 8, 9, 12
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SURFACE WATER ROUTE

1 OBSERVED RELEASE

Contaminants detected in surface water at the facility or downhill from it
(5 maximum):

Analysis of surface water samples detected bis(2-ethylhexyl)phthalate,
dioctyldiphenylamine, and N-nitrosodiphenylamine in elevated
concentrations. Other organics were also detected in low concentrations or
in upgradient samples. Semi-annual monitoring data suggests contamination
by ammonia, sulfate, chlorides, and chrome.
Score = 45
Source: References 2, 3, 4, 5
Rationale for attributing the contaminants to the facility:
Data from Malcolm Pirnie suggest base/neutrals are being released into the
east ditch (Class B water). Probable sources are leakage from the banks near
the northeast storage tanks and from contaminated groundwater discharge.
Semi-annual monitoring stations are located along drainage ditches.

Source: References 2, 3, 4, 5

2 ROUTE CHARACTERISTICS

Facility Slope and Intervening Terrain
Average slope of facility in percent:
In the northern half of site slopes range from 0-8 percent towards the south.
The central wetland area is relatively flat 0-3 percent. The southern section
used as a landfill area has slopes up to 30 percent. Assume average slope =
10 percent.
Source: Reference 1
Name/description of nearest downslope surface water:
Three drainage ditches are located at the site. These ditches merge and
carry water approximately 0.9 miles downgradient of the site into Hall's
Brook. Hall's Brook flows 0.2 miles before merging with the Aberjona River.
Further downstream (5.7 miles), Aberjona River flows into Mystic Lake.

Source: References 1, 3
Average slope of terrain between facility and above-cited surface water body
in percent:

Terrain sloping toward the drainage ditch is estimate at 15 percent (from the
tank farms). Terain sloping towards the wetland are is estimated at
5-8 percent (from the lagoons).

Score = 3

Source: Reference 1

Is the facility located either totally or partially in surface water?

No, the facility is located adjacent to drainage ditches and 12-15 acres of
wetland area.
Source: Reference 1 c-b-



Is the facility completely surrounded by areas of higher elevation?

No, higher elevations only to the north and southwest of the site.

Source: Reference 1

1-Year 24-Hour Rainfall in Inches

25 inches

Score = 2

Source: Reference 4

Distance to Nearest Downslope Surface Water

Three damage ditches are located at the site. The last ditch is adjacent to
the tank farm (distance = 20 feet). The lagoons are approximately 75 feet
from the wetland and the landfill is 100 feet from the wetland.

Source: Reference 1

Physical State of Waste

Waste types disposed at the site included liquids, sludges, and suspended
solids.

Worst = sludge, liquid

Score = 3

Source: Reference 1, 2, 3

3 CONTAINMENT

Containment

Method(s) of waste or leachate containment evaluated:

Lagoons - diking apparently sound, lagoons lined, freeboard appears adequate.
Landfill - no diversion system, sludge piles uncovered, adequacy of cover
material.
Tanks - containers sealed, in sound condition, and surrounded by containment
structures.

Source: Reference 1, 2, 3

Method with highest score:

Landfill - no diversion, sludge uncovered, adequacy of cover.
Lagoon - file documents indicate liners may be leaking.

Score = 3

Source: Reference 4
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4 WASTE CHARACTERISTICS

Torieity and Persistence ,

Compound(s) evaluated

Trichloroethane
Dichlorethylene
Chrome (Cr+6)
Bis(2-ethylhexyl)phthalate
Dioctyldiphenylamine
N-nitrosodiphenylamine

Source: References 2, 3, 4, 5

Compound with highest score:

Chrome (Cr+6) =18
Dichlorethylene = 12
Trichloroethylene =15
Bis(2-ethylhexyl)phthalate = 12
N-nitrosodiphenylamine = 12

Score = 18

Source: Reference 6

Hazardous Waste Quantity

Total quantity of hazardous substances at the facility, excluding those with a
containment score of 0 (Give a reasonable estimate even if quantity is above
maximum);

Presently, inadequate information . is available to estimate total waste
quantity deposited at the site since 1953. However, the presenceof wastes at
the site has been confirmed, so waste quantity will be scored a one.
Score = 1

Source: References 2, 3

Basis of estimating and/or computing waste quantity:

See above

5 TARGETS

Surface Water Use

Use(s) of surface water within 3 miles downstream of the hazardous
substance:

The east ditch, Hall's Brook, and the Abjerona River are all Class B surface
water suitable for recreation.

Score = 2

Source: Reference 10
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fe there tidal influence?

Not applicable

Source: Reference 8

Distance to a Sensitive Environment

Distance to 5-acre (minimum) coastal wetland, if 2 miles or less:

Not applicable

Source: Reference 8

Distance to 5-acre (minimum) fresh-water wetland, if 1 mile or less:

There is an estimated +12-acre wetland located on the site. Distance = 0.

Score = 3

Source: References 1, 8

Distance to critical habitat of an endangered species or national wildlife
refuge, if 1 mile or less:

Not applicable

Source: Reference 13

Population Served by Surface Water

Location(s) of water-supply intake(s) within 3 miles (free-flowing bodies) or
1 mile (static water bodies) downstream of the hazardous substance and
population served by each intake:

Contacts with the local health departments have indicated that there is no
present use of surface water within the vicinity of the site.

Source: Reference 11
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Computation of land area irrigated by above-cited intake(s) and conversion to
population (1.5 people per acre):

No documentation on irrigation within three miles has been obtained. Area
has a high density of commercial and residential properties; no agricultural
uses have been identified.

Source: Reference 1 and File Review

Total population served:

Presently, no populations are served by surface water.

Source: Reference 1 and File Review

Name/description of nearest of above water bodies:

Not applicable

Distance to above-cited intakes, measured in stream miles:

Not applicable - no intakes
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AIR ROUTE

1 OBSERVED RELEASE

Contaminants detected:

To score an air release, qualitative air sampling is required along with details
on the sampling protocol and the meteorological conditions during the time of
sampling. No qualitative air sampling has been performed.

Score = 0

Source: File Review and Reference 1

Date and location of detection of contaminants:

Not applicable

Methods used to detect the contaminants:

Not applicable

Rationale for attributing the contaminants to the site:

Not applicable

2 WASTE CHARACTERISTICS

Reactivity and Incompatibility

Most reactive compound:

Not applicable

Most incompatible pair of compounds:

Not applicable
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Toxieity

Most toxic compound:

Not applicable

Hazardous Waste Quantity

Total quantity of hazardous waste:

Not applicable

Basis of estimating and/or computing waste quantity:

Not applicable

3 TARGETS

Population Within 4-Mile Radius

Circle radius used, give population, and indicate how determined:

0 to 4 mi 0 to 1 mi 0 to 1/2 mi 0 to 1/4 mi

Not applicable

Distance to a Sensitive Environment

Distance to 5-acre (minimum) coastal wetland, if 2 miles or less:

Not applicable

Distance to 5-acre (minimum) fresh-water wetland, if 1 mile or less:

Not applicable
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Distance to critical habitat of an endangered species, if 1 mile or less:

Not applicable

Land Use

Distance to commercial/industrial area, if 1 mile or less:

Not applicable

Distance to national or state park, forest, or wildlife reserve, if 2 miles or
less:

Not applicable

Distance to residential area, if 2 miles or less:

Not applicable

Distance to agricultural land in production within past 5 years, if 1 mile or
less:

Not applicable

Distance to prime agricultural land in production within past 5 years, if
2 miles or less:

Not applicable

Is a historic or landmark site (National Register of Historic Places and
National Natural Landmarks) within the view of the site?

Not applicable
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FIRE AND EXPLOSION

1 CONTAINMENT

Hazardous substances present:

To score the fire and explosion hazard mode either a state or local fire
marshall must have certified that the facility presents a significant fire or
explosion threat to the public or to a sensitive environment, or there must be
a demonstrated threat based on field observations (e.g. combustible gas
indicator readings). The available records give no indication that either one
of these tasks has been done. Further, the available data do not suggest any
imminent threat of fire and explosion at this site. Therefore the route score
cannot be completed.

Source: Reference 1 and File Review

Type of containment, if applicable:

Not applicable

2 WASTE CHARACTERISTICS

Direct Evidence

Type of instrument and measurements:

Not applicable

fenitability

Compound used:

Not applicable

Reactivity

Most reactive compound:

Not applicable

Incompatibility

Most incompatible pair of compounds:

Not applicable
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Hazardous Waste Quantity

Total quantity of hazardous substances at the facility:

Not applicable

Basis of estimating and/or computing waste quantity:

Not applicable

3 TARGETS

Distance to Nearest Population

Not applicable

Distance to Nearest Building

Not applicable

Distance to Sensitive Environment

Distance to wetlands:

Not applicable

Distance to critical habitat

Not applicable

Land Use

Distance to commercial/industrial area, if 1 mile or less:

Not applicable
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Distance to national or state park, forest, or wildlife reserve, if 2 miles or
less:

Not applicable

Distance to residential area, if 2 miles or less:

Not applicable

Distance to agricultural land in production within past 5 years, if 1 mile or
less:

Not applicable

Distance to prime agricultural land in production within past 5 years, if
2 miles or less:

Not applicable

Is a historic or landmark site (National Register of Historic Places and
National Natural Landmarks) within the view of the site?

Not applicable

Population Within 2-Mile Radius

Not applicable

Buildings Within 2-Mile Radius

Not applicable
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DIRECT CONTACT

1 OBSERVED INCIDENT

Date, location, and pertinent details of incident:

No documentation of an incident due to waste disposal practices at the Olin
facility has been obtained.

Score = 0

Source: Reference 1 and File Review

2 ACCESSIBILITY

Describe type of barrier(s):

An eight-foot chain-link fence completely surrounds the site. Entry into the
plant is controlled by a gate with an attendant or through the main office
building past a receptionist. Waste storage areas (lagoons and drum areas)
are also fenced within the perimeter fence.

Score = 0

Source: Reference 1

3 CONTAINMENT

Type of containment, if applicable:

During the site inspection, sludge in the landfill area was uncovered. Erosion
has occurred in t!ie sludge indicated. Cover was not occurring frequently.

Score = 15

Source: Reference 1

4 WASTE CHARACTERISTICS

Toaeity

Compounds evaluated:

Groundwater samples were found to contain elevated levels of cro<noforoi,
1,2-dichloroethane, toluene, bis(2-ethylhexyl)phthalate (OOP), butylbenzyl
phthalate, di-n-butyl phthalate, "N-riitrosodiphenylamine", dioctyldiphenyl-
amine, ammonia, chloride, and sulfate.

Source: References 2, 3

Compound with highest score:

Di-n-butyl phthalate = 2
Ammonia = 3
1,2-dichloroethane = 3

Source: Reference 6

-17-
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5 TARGETS

Population within one-mile radius

USGS house count - Wilmington Quad.
One mile - 452 houses x 3.8 people/house = 2,000 people

Score = 3

Source: Reference 9

Source: Reference
Distance to critical habitat (of endangered species)

Presently, no critical habitats have been identified.

Score = 0

Source: Reference 13

-18-
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POTENTIAL HAZARDOUS WASTE SITE
SITE INSPECTION REPORT

PART 1 - SITE LOCATION AND INSPECTION INFORMATION

L IDENTIFICATION
01 STATE

MA D001403104

IL S(TE NAME AND LOCATION

Olin Chemical
02 STncer. noure no.. OH areww

51 Eames Street
> LOCATION IDCnnrlcn

Wilmington
04 STATE

MA
oa ZIP coot

01887 Middlesex
OS CONG

oar

M TU 10 TYP1 Of OWNI
a A. PRWATE a a. FEDERAL.
OF. OTHER

C3 C. STATE a 0. COUNTY a E. MUNttPAi.
a a UNKNOWN

III. INSPECTION INFORMATION
01 DATE OF INSPECTION

9 ,16, 86
UONTM OAV YBAH

02 SITE STATUS

a ACTIVE
BMACTTVE

03 YCAM Of
1953 1 Present UNKNOWN

04 AOENCY PEfVOHMMQ MSKCTON /

Q A. EPA Q & EPA CONTRACTOR _

Q E. STATE OF. STATE CONTRACTOR
WehrRifTTfffirTeering

QC-UUMOPAL Q O.MUMOPALCONTRACTOR.

a a. OTHER
06CM&MSPECTON

David B. Tompkins
OaTTTU

Environmental Scientist
07 OAOANUATION

Wehran Eng.
0> TELEPHONE NO.

(914'343-0660
09 OTHBfl ttO

Michael F. Richter
lOTTTUi

Environmental Scientist
11 ORGANIZATION

Wehran Eng.
12TELEPHON6NO.

<914» 343-0660

13 SffE HCPTCSCMTATTVES HI tHVICWgO

Carl Nelson
MTTTLt

Spec. Env. Aff.
Olin Chemical Group

Charleston, TN

10 TELEPHONE NO

(615)336-4559

Mike Townley Plant
Superintendant

Olin Chemical Group
Wilmington, MA (617)933-4240

IT ACCESSOAMED6V

OFPEflMSSCN
Q WARRANT

ICTMCOFMSMCTION

10:00 A.M.
1 • W£ATH» CONOmOMS

cool, cloudy

IV. INFORMATION AVAILABLE FROM

01 CONTACT

Harish Panchal
02 Of i

MDEQE

03 TELEPHONE NO.

<617'292-5785
04 f>CmON AESPONSmf FOM SITE MSPECTION FORM

David B. Tompkins

EPA fOXHt 207003 (7-41)

05 AGENCY 08 ORGANIZATION

Wehran Eng.
07 TELEPHONE NO.

(914) 343-0660 9 , 2 2 , 86



-. __- POTENTIAL HAZARDOUS WASTE SITE
A FPA SITE INSPECTION REPORT
^4?^J r~% PART 2« WASTE INFORMATION

1. IDENTIFICATION
01 STATE
MA

OZSITENUMKII
D001403104

II. WASTE STATES, QUANTITIES, AND CHARACTERISTICS
oiJHvscAi.3

(XA.30UO
C8.POVKM
(Scsuoa

QO.OTMR

CTATE

R.P*
I

3 ICMIMMMW 02 WASTE QUANTITY AT 3JTI

QtSLUWW *—" "— '
ff S ft P UQUO • TOMI

ff&OA*
CMC YfflOfl

faMM)f NO OPOfflJMI

03 WASTE CHAHAUHMttiea (dm* *wmm*n

OCA. Tone Ql.aou«LC QLHOHLVVOLATILI
ffacofmoavc af.Mracnous a j. EXPLOSMI
a c. MocAcnvt a a nmMrmj a K. KAcnvt
8l>.MHIIIIim«T QH.a«TAMJi C L. MCOUPATULi

111. WASTE TYPE

CATSGOHV

SLU

OLW

SOL

PSO

OCC

oc
AGO

BAS

MES

SUBTANCZMAMI

SLUDGE

OO.Y WASTE

SOLVENTS

PESTICIDES

OTHER ORGAMC CHEMCALS

MORQANC CHEMICALS

ACIDS

BASES

HEAVY METALS

01 «0>a AMOUNT |02UMTOPUKAIUf«j 03COMMO«T9

Calcium Hydroxide

IV. HAZARDOUS SUBSTANCES — j -jjri _JT-IL— i .-rr- r~t

01 CATEGORY

ACD

ACD

ACD

OLW

029UMTAMCKNAMC

anhydrous ammonia

hydrochloric acid
liquid chlorine

sulfuric acid
formaldehyde

sodium nitrate

sodium chloride
sodium hycloxide
nonyl phenol

aluminum hydroxide
aluminum chloride
diohenvlamic
chlorosulfonic acid
urea

hydrozene

dioclylphthlate

V. FEEDSTOCKS

CATEaonv

FOS

FOS

FOS

FOS

03CA8NUMMM

7664417

7647010
778205

7664939
50000

7632000
7647145
1310732

25154523

21645512

7446700
122394
7790945
57136

302012

117840

0*STOH*aeO«W03ALM«TKXS

Tank
Tank
Tank
Tank

Tank
Tank

Tank

Tank-

Tank

OS CONCENTRATION CONCSNTFUTX>4

*MAMM*rCUMMM|

01 mOXTOCKNAMC 02CABNUMMH CATEOOMV

FOS

FOS

FOS

FDS

otnsnsrocxNAMe 02CASNUMKH

DEQE File documents, Woburn office
Ecology and Environment, Inc., 1980. Field investigations of uncontrolled hazardous waste sites

EPA FORM 2070-1JI7-41)



&EPA
POTENTIAL HAZARDOUS WASTE SITE

SITE INSPECTION REPORT
PART 3 • DESCRIPTION OF HAZARDOUS CONDITIONS AND INCIDENTS

L IDENTIFICATION
01 STATE

MA
02STENUM66H
D001403104

IL HAZARDOUS CONDITIONS AND INCIDENTS

01 $ A. GROUNOWATE
03 POPULATION POTEh

DCnMTAUIMATION 02 £ OSSft̂ fO (DATSt; 9/1989 ) Q tt

mALLYAmertn- ., ,_.,. OA MARHATTM: rusenionoM
OTENTtAL a Auiyyn

Past waste disposal practices have resulted in wastes contacting the water table. Analysis by
Malcolm Pirnie (1982) has indicated the presence of inorganic and organic contaminants in the
groundwater reserve.

01 (38. SURFACE WATER CONTAMINATION 02 9 OBSERVED IOATB-2/1-982 t Q POTENTIAL
03 POPULATION POTENTIALLY AFFECTED: __________ 04 NARRATIVE DESCRIPTION

Monitoring of the surface water at the site indicates that discharge of contaminants has occurred
along the east side of the site. Discharge has occurred from potential release from storage tanks and
from groundwater contribution to the East Ditch (Class B water).

01 53 C. CONTAMINATION OF AJR 02 O OBSERVED (DATE: > Q POTENTIAL
03 POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCRPTION

No quantitative air sampling has occurred. However, a known release of hydrogen chloride occurred
on November 18, 1985, which required evacuation. Town of Wilmington Health Department files
indicate history of complaints from odors.

01 5! 0. FWE/EXPVOSWE CONDITIONS' 02 C OBSERVED (DATfc ) IS POTENTIAL C ALLEGED
03 POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCWDON

Several chemicals on the site are known to be strong oxidizing agents.

01 0 E. DIRECT CONTACT 02 Q OBSERVED (DATE- ) Q POTENTIAL C ALLEGED
03 POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION

Unknown

01 B F. CONTAMMATION OF SO*. 02 Q OBSERVED (DATE: ) Q POTENTIAL Q ALLEGED
03 AREA POTENTIALLY AFFECTED: 04 NARRATIVE OESCfl-TON

Approximately 20 cubic yards of soil were removed in 1982. Potential exists for additional soil
contamination due to leeaking PVC liners in lagoons.

01 S Q. DRINKING WATER CONTAMINATION 02 D OBSERVED (DATE: - ) B POTENTIAL
03 POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION

Groundwater is used for drinking within 400 feet of the site. No analytical testing of private wells
has occurred. Municipal water wells are also within one mile.

01 a H. WORKER EXPOSURE/WJURY 02 S3 OBSERVED (DATE: -JLunft-LfLrLSyS Q POTENTIAL Q ALLEGED
03 WORKERS POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION

On above date, a worker was overcome by fumes vented from a building where blowing agents were
utilized. Exposure to fumes resulted in worker falling.

01 S I. POPULATION EXPOSURE/INJURY 02 Q OBSERVED (DATE: ) S POTENTIAL C ALLEGED
03 POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION

No documentation of an incidont. llowevpr, in November 1985, the aro« surrounding the sit.r> had
to be evacuated due to release of gasses when a stack scrubber malfunctioned.

«»» fOHM 2070-13 (7 -i 11



A — «». POTENTIAL HAZARDOUS WASTE SITE
CVC: HA SITE INSPECTION REPORT
^^fc-1 PART 3- DESCRIPTION OF HAZARDOUS CONDITIONS AND INCIDENTS

L IDENTfflCATlON
01 STATE 02 91C NUMKH

MA D001403104

IL HAZARDOUS CONDITIONS AND INCIDENTS ie. .....a
01 15 j DAMAGE TO FLCHA o? Q QB$ea/eD (OAT?; )
04 NARRATIVE OESCRPTJON
Several file documents indicate flora stress is visible near where the acid pits

01 n K OAUAft* TO FAUMA OS PI OMHUEn (BAT*- )

Unknown

f)1 (-| L COMT»M»IATlfily nCCOOOC"**' <^ Q QmSfHUEB (QATJ!- |
04 NARRATIVE DESCRIPTION

Unknown

01 2fu ijM^Ag^cOMTijNMeMTQFWASTES 03 O OBSE*»'TO ("?*TE- )
f3«w*«i»*jari»H««««- L«»»II •«••»

rttBr»iL*Tio*iPcrn:»*TiHLY***E<rrTO- . 0* MAn^tn* neseswnnw

Previous waste disposal practices included dumping into unlined pits and open
surface water.

01 3 N DAMAGE TO OFFSITE PROPERTY 03 Q OBSERVED (0*TE: I
04 NARRATIVE OESCR^nON

Contaminated surface water flows into Hall's Brook and further downstream
Impact on downstream environments unknown.

pi Tf o e?aMT*uin*nciM Of !}&***>$. $TOPM OBA»IS WWTP. 05 C OSW^^P I"AT^- j
04 NARRATIVE DESCRW1ON

Non-sulfate wastes generated on-site are released into the municipal sewer sy
complaints regarding high chloride, sulfate, and ammonia levels in the sewer <
made on several occassions.

01 ~ » iLLEQAUUW^MTWOBiZEO OUM"*«3 03 n OBSCRVe? (OATE? , _ _ |

G POTENTIAL Q ALLEGED

were formerly located.

Q POTENTIAL D ALLEGED

Q POTENTIAL Q ALLEGED

C POTENTIAL O ALLEGED

ditches which contained

S3 POTENTIAL C ALLEGED

into Aberjona River.

$ POTENTIAL Z ALLEGED

stem. Reportedly,
affluent have been

n POTFMTMl ~!AllFRFn
04 NAHRATTVE OESCnFTQN

Site is entirely fenced with guards controlling access gates. Illegal dumping is not likely.

OS DESCWTION OP ANY OTHER KNOWN. POTENTIAL. OR ALLEGED HAZARDS

Unknown

/
IIL TOTAL POPULATION POT5NTIALLY AFFSCTEtt . .,+20^000

IV. COMMENTS

V. SOURCES OF INFORMATION ic**m ...». !•.«•... , ~-~

Geotechnical Engineers, Inc. Report on Groundwater and Surface Water Study, Stepan Chemical
Company, Wilmington, MA, December 1978.
Malcolm Pirnie^Inc. Hydrologic Investigation of Olin Chemical, February 1982
DEOE RCRA filp. Woburn office



POTENTIAL HAZARDOUS WASTE SITE
SITE INSPECTION

PART 4 • PERMIT AND DESCRIPTIVE INFORMATION

(.IDENTIFICATION
01 STATE

MA °D0014"05i04

II PERMIT INFORMATION

01 TYP€ OF PERMIT ISSUiO

3 A. MFOES MA0005304

03 OATI ISSUED

1/17/83 1/17/88

06 COMMENTS <
Non-contact cooling water i
storm water run off '

a a. we
3c. AW
so. nou N/A Part A - Interim status
QE. MCJIA INTERIM STATUS

QF. 9PCCKAN

DO. STATE

OH. LOCAL

OTHER ;$••«* Landfill - Approved by State Health Jan. 6,^1974
QJ. NONE

IIL SITE DESCRIPTION

MA Dept. of Public Health, Div. of Sanitary
Engineering.

01STC 02 AMOUNT OaUMTOPMtASUM

IS A. SURFACE IMPOUNDMENT

QB.WLE3

Q C. DRUMS. ABOVE GROUND

B 0. TANK, ABOVE GROUND
Q E. TANK. B6LOW GROUND

B F. LANDFILL

aaLANOFARM

Q H.OPENOUMP

Q I. OTHER

a* TREATMENT <C*W«M

Q A. MCCNERATION
C B. UNOERQROUNO INJECTION

5 C. CHEMtCAL^HYSCAL
Q 0. B*QWyiJCAI-

Q E. WASTE OLFROCESSMQ

Q F. SOLVENT RECOVERY

D a OTHER RECYCLWQ/RECOVERY

Q H. OTHER _

08OTHCT

3A.BUOJDINQSONSm:

50

or COMMENTS

Ten tanks are located on site and according to MDC records, the following were stored on-site as of
June 1980: formaldehyde, nonyl phenol, dinonyl phenol, ethyl hexoic acid, dioctylphthlate, process oil,
TNPP (wytox 312).

IV. CONTAINMENT

01 CONTAHMCNTOP WASTES <m MI nil

C A. A06QUATE. SECURE

02 OtSCTPTCM Of OMJMS. MKJNO. UNOM. BM

Q B. MODERATE B C. INADEQUATE. POOR Q 0. INSECURE. UNSOUND. DANGEROUS

NUO.ETC.

Two PVC-lagoons are located on site with reports of leaking liners and overflowing conditions.
Alleged spills in the tank storage areas are also reported.

V. ACCESSIBILITY

01 WASTB EASLY ACCEBMLt YES
07COMMENTS a fence surrounds entire site and gates have attendants.

VI. SOURCES OF INFORMATION ICM.

Ecology and Environment, Inc., Field Investigations of Uncontrolled Hazardous Waste Sites,
December 1980.

EPAFOMM 2070-13 (7-ii)



A r-r^. POTENTIAL HAZARDOUS WASTE SITE
y«^ CrV-V SITE 'NSPECT10N REPORT
-+r h.d *~ » p ART s ̂  WATER> DEMOGRAPHIC, AND ENVIRONMENTAL DATA

IL DRINKING WATER SUPPLY

SURFACE WEU

COMMUNTTY A.Q 1 Q

NON-COMMUMTY C. Q a IS

IIL QROUNOWATER

01 OKXJNOWATEflUatNVCMTYiaMMww

C A-ONLYSOUMCCPONONNMNQ QttQPMON

<~-"

09 STATUS

L ENDANGERED AFFECTED MONITORED

; A. a s.a C.Q
o. a t. a F. a

L IDENTIFICATION
01 STATE 02 SITE NUMBER

MA D001403104

oaotsTANCsToam

0.75

ft 0.10 ,^

a a e. ooko^w^H. MTuvmuA. fiMQATiq*) ao HQTUBHJ. uHustAaue

"" "'

20 000+ ±400 ft^fftn^fl^-nnid^^wvnHvrTMKnwiTra ^J,""' aan«r*»ir»Tr>»*«o«rn«MrmM-,»T»««»i . j-n..

MOCPTHTOQPXXJNOMATeN OtOMCTtOI

0-9 ,M S
OPOONCSM Of fOLHTTJI

outheast 0-9 Q YES L7NO
-(OPO)

Presently 36 monitoring wells are^locatedTt tfie site. All wells are located in the nnconsolidated
aquifers. Approxmimately 20 private wells are located within 2,000 feet. One municipal well is
located within one mile.

Q NO

Recharge occurs through the
COMMENTS infiltration of precipitation
through the unconsolidated deposits.

a YES
a NO

Groundwater discharges into the
east and south ditches. Upward

IIAflCA

COMMENTS

vertical movement has been noted near GVV19
IV. SURFACE WATER

CS A. RESERVOIR. RECREATION
ORMKINQ WATER SOURCE

O S. WWATTON. ECONOMCAU.Y
dMPORTANT RESOURCES

Q C. COMMERCIAL. NDUSTRIAL Q 0. NOT CURRENTLY USED

02 AFFfCTBVPOTSNnAU.Y AWECTED tOOfS Of WATER

NAME: East Drainage Ditch (Class B water) - - on site

Hall's Brook

AFFECTED

a
River

Mystic Lake
a
a

DISTANCE TO STTE

0.9
i.l

6.8

(mil
(mi)
(mil

V. DEMOGRAPHIC AND PROPERTY INFORMATION

:iTOTAi.PO«jcATioi*»»m«H USGS house count

ONE|1)Ml£OFSrrE
A. 2.060

MO. 0»PMOMI NO.W

03 OSTAMCC TO NCAAE3T POPULATION

±400 feet „ml)

13 MUMKM Of eUL MTHM TWO {21 UU3 Of 3TTB

2,642
04 00TANCC TO NEA8CST On̂ SITE BUftfMa

±400 feet JmO

3S POPOUMXX VWTHIM VKSHTTf Of SITE (

Closest homes SW and NE of site.
Total population within three miles is estimated to exceed 22,800 people.

>AlOflM 207O-13 (7.ail



4$'

POTENTIAL HAZARDOUS WASTE SITE
SITE INSPECTION REPORT

PART 5 • WATER, DEMOGRAPHIC, AND ENVIRONMENTAL DATA

I. IDENTIFICATION
01 STATE

MA D001403104

VL ENVIRONMENTAL INFORMATION
Ot PWM6ABUTY Of UN3ATURATED 20NC ICnutma

Q A,10-«-iO-«cBM«c a 8.10-*- 10-*cnVMo Q C. 10-*-10-»cm/««c BD.GREATERTHAN 10~»cm/a

DA. tJB. RELATIVELY IMPERMEABLE Q C. RELATIVELY PERMEABLE O 0. VERY PERMEABLE
<t«~4- if* mi* /!«-«- ia~'«MMt MM*rM>ia~2«Mii

03 DEPTH TO

8-23 JIB

04 OVTM OF CONTAMMA

unknown unknown
0« NET PflCOPTTATION

13.5
.(*»

07 Oht YEAH 24 HQUM RAJNFA1X

2.5 SITE SLOPE
5-10

OP SITE SLOPE

South
TEflRAJN AVERAGE SLOPE

5-10

09 FLOOD POTENTIAL

100STESW. .YEARFLOOOPUUN

10

N/A Q SfTE IS ON BARPJERISLANO, COASTAL WON HAZARD AREA. MVERINE FLOOOWAY

11 OSTANCXTQ WCTLM«a«««

ESTUARME
Wetland on site

OTHER

12 QMTANCC TO CWTCAt. HAKT AT M •

ENDANGERED SPEOES:

1 3 LAND USE M VIC9WTY

DISTANCE TO:

COUMEROAUMOUSTRUL

adjacent

RESDENT1ALAREAS: NAT1ONAUSTATE PARKS,
FORESTS. OR WILDLIFE RESERVES

0.25

AGRICULTURAL LANOS
PRMEAQLANO AQLANO

Unknown

(irt) 0

14 06SCWPTK5M Of SITE IN n&JkTON TO SUmOUNOMO TOPGQHAPHY

A complex of manufacturing buildings are located on the northern section of the site. The Central
section is a low-lying wetland area with a series of east-west drainage ditches. Additional ditches are
located to the east and west. Southern section of site is wooded and landfill is located in SW corner.

Drainage from the site is to the sourth and into Hall's Brook which drains into the Aberjona River,
Railroad tracks, running north-south form the east and west boundries.

VII. SOURCES OF INFORMATION re...

DEQE, File Documents, Woburn Office

EPA K*M S070-13I7-«11



POTENTIAL HAZARDOUS WASTE SITE
SITE INSPECTION REPORT

PART «- SAMPLE AND FIELD INFORMATION

L IDENTIFICATION

01 STATE

MA
02 SITE NUMBER

D001403104

n. SAMPLES TAKEN
SAMPLE TYPE

01 03 SAMPLES 3SKT TO 03 ESTIMATES OATt
flBULTSAVALAU

QROUNOWATER 58 Geotechnical Eng. (DWPC) Dec 1978

SURFACE WATER 57 Geotechnical Eng. (DWPC) Dec 1978

(sludge) Geotechnical Eng. (DWPC) Dec 1978

RUNOFF

SPUL

Ecology and Environment (USEPA) , Dec 1980
veOCTATICN

OTHER

10. FIELD MEASUREMENTS TAKEN

01

Explosivity

03

Ecology and Environment Consistently 0 results

Meter Ecology and Environment Consistently 20 results

PH Ecology and Environment 6-8

IV. PHOTOGRAPHS AND MAPS

01 TTFB Eg GROUND Q ABVAL n NCMIUUV OPWehran Engineering

03 MAW

gves
UNO

04 LOCATION Of MAP*

Wehran Engineering

V. OTHER FIELD DATA COLLECTED <

Quarterly monitoring data 1982 - present
Malcolm Pirnie (1982)

VI. SOURCES OF INFORMATION >CM.

DEQE File Documents, Woburn Office

SPAFQMt 2070-13 (7-«1|



A P.—.. POTENTIAL HAZAI
VV FPA S176 INSPEC
^**~* *» PARTT-OVYNE

U. CURRENT OWNEBCS) •

01 NAME

Olin Chemical Group
UO+CMMMfl

03 STREET AOORE53(*a. «•»*»». MU

Lower River Road, P.O. Box 248
MOTV 34 STATE

Charleston TN
01 NAME

04 ac coot

07 2V COM

37310

03 0+* NUMBER

oa STREET ADDRESSED. IH, *»». w

04 CITY 04 STATE

01 NAME

04 ac COOK

07 ZP COM

O3O«CNUMMR

03 STREET AOORBS8<AO. JM. <WO«. MJ

oscmr OB STATE

01 NAME

04 OC CODE

orarcoM

03OVKNUMKH

03 STREET AOORE83fl>.a Mi. OT>«. «j

06 OTY 04 STATE

04 SC CODE

07 ap coot

lit PREVIOUS OWNEWSVa— ,«—•«
OINMMfi

Stephen Chemical Company
030+«NUMMfl

03 STKST AOOWSS^ a JH. JVO«. «j

Eames Street
060TV 04aTAT6

Wilmington ' MA
O1 MAMC

04 SC COOf

07ZFCOOC

01887
oaa*4N>j»«BeH

03 STREET AGCMS3(*a <K WO*. M.)

osarr 04 STATE

01 NAMC x

04OCCOOE

07VCOOC

03 0+8 NUMBER

03 STWET AOOW39 (» O. AM. «W «. MJ

04OTY 0« STATE

04 SC COOt

072PCOOE

V. SOURCES OF INFORMATION romm »». .

ROOUS WASTE SITE It
T1ON REPORT °
n iMFnnu&TiAM

JOENDF1CATION
1ST ATE C

MA
3 SITE NUMBER

D001403104

PARENT COMPANY u •..

OS NAME OBO*«HUMaEB

TOOTREET AOORESS/«a tm. KfOt, «u

12 CITY

11 SIC COOt

13 STATE 142JPCOOE

OCNAME 0»O^«NUM8ER

1O STREET AflORESSm.O. taL IWO». tmj

1JOTY

nSKCOOE

13 STATE 14ZVCOOE

OtNAMt 08O^>NUMB£R

10 STREET AOOWS9WOL tm. KTQt. imj

12OTY 13 STATE

04 MAMS

11SCCOOE

14 .OPCODE

OaO t̂tNUMBER

1 0 STREET AOORESS tf O. tm. *n t. tm.i

tacmr 13 STATE

HSICCOOE

14 ZIP COOS

IV. REALTY OWNE«S)flr •!»!!. »«^̂ .̂««
01 NAME 02 0*8 NUMBER

03 STREET AOORESS If. O. tm. /WO t. «u

09UTY 04 STATE

O1 M«Mi

04 SC CODE

07Z1PCOOE

02 O+8 NUMBER

i

03 STREET AOOMESSfAO. Im. /WO*. •&/

QOCiTY 04 STATE

01 H**lt

04 se coot •

07 ZIP CODE

020«aNUMBEB

03 STREET AOORESS (f a 4H. *W «. «u

OSCTTY O« STATE

04 SC CODE

orsi>cooE

DEQE File Documents, Woburn Office

EPA POUM 2070.13 (7-411



&EPA
POTENTIAL HAZAP

STTE INSPECT
PART8-OPERATI

IL CURRENT OPERATOR t*~~i~~~*--~*
01 HAME

Olin Chemical Group
030*« NUMBER

03 STREET ADDRESS ir.Q.mm.*rOt.mH 043CCOOE

51 Eames Street
c*crrr

Wilmington

04 YEARS Of OPERATION

1980-1986

04 STATE
MA

07 2F CODE
01887

Olin Chemical Corporation

lit PREVIOUS OP€RATOR(S)«— «—•«—•-»«•*—*——.
91 NAME

Stephan Chemical Company
02 O-ft NUMBER

33 STREET AOORE3B IAO. tm. OfOt.mt.1 O4SCCOOt

51 Eames Street
Mcmr

Wilmington
:• YEARSOP OPERATION

1971-1980

Ot STATE

MA 01887

0» NAME OP OWNER OUMMB TMt PERKM

31 NAME

National Polychemical
02 0*« NUMBER

33 STREET AOOREOTO.O. tm. rfO». tmj O4SCCOOE

51 Eames Street
34 CITY

Wilmington

1953-1971

11 NAME

M STATE

MA
0? Zf CODE

01887
0» NAME OP OWNER OURMB TUB PERUO /

WO^B NUMBER

13 ameer Aconcss «•.<>.••«. /•« «. <nj cxaiccooe

JS CITY

4 YEARS OP OPERATION

IV. SOURCES Of INFO!

Ot STATE 07 2P CODE

0» NAME OP OWNER OURMA TMS PERHD

WHATTON rrnmtm* immitm i

OQUS WASTE SITE .«• IOENTHTCATION

RON REPORT 01 *A™
MQ JUBABU ATIl*Mkl 1V1A

03 SITE NUMBER
D001403104

OPERATOR'S PARENT COMPANY - » 1

10NAME

Olin Chemical Corporation
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A -._. POTENTIAL HAZARDOUS WASTE SITE
<^ EPA SfTC INSPECTION REPORT
•«_r__4 J— 1 PART 10- PAST RESPONSE ACTIVITIES

L IDENTIFICATION
01 STATE 02 SITE Mltfrtntn

MA D001403104

I. PAST RESPONSE ACTIVmES

01 O A. WATER SUPPLY CLOSED 02 DATE °3 AfiSJCY

01 Q B. TEMPORARY WATER SUPPLY PROVBEO
04 DESCHPTION

01 Q C. PERMANENT WATER SUPPLY PROVCED caoATf 03 AGENCY
040ESCnPTCN

01 G a SPILLED MATERML HEMOVCO MOATS 03AGENCY
040ESCRFT1ON

01 a E CONrAMMATED SOL REMOVED 02DATE.
04 OESCRPTICM

01 C f. WASTE REPACKAGED
040ESCWPTION

^ 01 C a. WASTE OBPOSED ELSEWHERE 02 DATE __________ 03 AGENCY

01 3 H. ON SITE BURIAL
040ESCRHT1ON

Calcium hydroxide sludge is landfilled on-site.

01 C I. N SHU CHEMICAL TREATMENT 02DATE.
040ESCRPT10N

01 Q J. N Smj BIOLOGICAL TREATMENT
04DE3Cn-TXX

01 C K. N STTU PHVSCAL TT«ATMCNT
040ESCWTTON

01 2 L ENCAPSULATION

01 C M. SMERGENCY WASTE TREATMENT
04DESCRPT1ON

^ "' ^ " ^mncr WAI i a rv>n*T£ oaAngngv"
04 OESCR-TION

01 C 0. EMERGENCY OOUNG/SURFACE WATER DIVERSION 02 DATE 03 AGENCY
04!

01 G P CUTOFF TRENCHES/SUMP 02 DATE 03 AGENCY
04 DESCRIPTION

01 C Q. SUBSURFACE CUTOFF WALL 02 DATE.
04 DESCRIPTION
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POTENTIAL HAZARDOUS WASTE SITE
SITE INSPECTION REPORT

PART 10 • PAST RESPONSE ACTtVmES

L IDENTIFICATION
01 STATE

MA
02 SITE NUMBS

D001403104

II PAST RESPONSE ACTTVmES

01 G R. BARRIER WAULS CONSTRUCTS) 020ATE 03AGENCY

01 D S. CAPPNOCOVBWNa aortAim 03 AGENCY.
04 oescnpnoN

01 Q T. BULK TANKAGE REPMRS 02 DATE 03 AGENCY.
WOESCfWTION

01 Q U. GROUT CURTAIN CONSTRUCTED <»n*T» 03AGENCY.

01 a V. BOTTOM SEALS) MBAI* 03 AGENCY

01 DW. GAS CONTROL aapxt* Q3AGENCY.
040ESCRFT1ON

01 O X FIRE CONTROL QOOA-rf 03 AGENCY.
04 DESCWPDON

01 a Y. LEACHATE TREATMENT taaxTf 03 AGENCY.
040ESC«PTX3N

01 ̂  Z. AREA EVACUATED m»r»*TB Nnv, 1 «T 1 P«S
04 OESCRFTION Malfunction of a stack scrubber resulted in release of hvdrogen chloride gas.

Area downwind of site was evacuated by order of Board of Health and Fire Department.
01 Q 1. ACCESS TO SITE RESTRICTED ennirf 03AGENCY.
04 DESCRIPTION

01 Q 2. POPULATION RELOCATED 02OATE 03 AGENCY.
040ESCRFT10N

01 JS 3. OTHER REMEDIAL ACTTVmES 02 DATE 03 AGENCY.

Groundwater treatment facility installed in an area of a reported spill by previous owner.
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WEHRAN
ENGINEERS

& SCIENTISTS
466 EAST MAIN STOBST

£ranS?/w«M Reference 1.1

WEHRAN ENGINEERING - SITE INSPECTION FORM

1. IDENTIFICATION

Olin Chemical Middlesex
Site Name County

8601 086 093 l

Mass. Number " EPA Hegion

2. LOCATION
• -

51 Eames Street . Wilmington
Street/Route No. Town

City Village

Wilmington
USGS Quadrangle

3. INSPECTION

9/16/8R lfl:0n

Date of Inspection Time of Inspection

Cool, cloudy
Weather Conditions and Snow Cover

WE Inspectors (Name) Title Phone Number

David B. Tompkins Environmental Scientist (914)343-0660

Michael F. Richter Environmental Scientist (914) 343-0660

Other Inspectors (Name) Affiliation Phone Number

-1-
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Reference 1.2

Site Reps. Interviewed

Mr. Carl Nelson

Mr. Michael Townley

Affiliation

Assc. Sepc., Env. Affairs

Production superintendent

Phone Number

(615) 336-4559

(617) 933-4240

4. SITE DESCRIPTION

4.1 Site History as of September 1986 Active Inactive X

Years of Operation:

Owner(s):

1980-1986

Olin Chemical Corporation

P.O. Box 248

Charleston, TN 37310

1971 - 1980 Stephen Chemical Company

1953-1971 National Polychemioal

4.2 Storage/Disposal (Check all that apply)

j£_ A. Surface Impoundment

_ B. Piles

jc. C. Drums, Above Ground

X. D. Tank, Above Ground

E. Tank, Below Ground

_X F. Landfill

G. Landfarm

H. Open Dump

_. L Spill
__ J. Well Field

K. Other (

Size/Amount

Two Surface Lagoons

Three Storage pads

12-15,000 gal.

Unit of Measure

Unknown

Unknown

Est. 5 arre

-2-



Reference 1.3

4.3 Treatment (Check all that apply)

A. Burning E. Waste Oil Processing

B. Incineration F. Solvent Recovery

C. Underground Injection G. Other Recycling/Recovery

D. Chemical/Physical/Biological H. Other ( )

4.4 Waste Substances Observed (include hazardous)

Calcuim Sulfate sludge

Other chemicals/compounds were in tanks/drums and represent raw material.

4.5 Containment of Wastes (describe)

Sludge was observed in disposal lagoons and as a dry precipitant in a landfill

disposal.

-3-



Reference I-4

4.6 Accessibility of Public to Wastes (describe)

Site is fenced by 8 ft. chainlink fence

Entrance to manufacturing area controlled by guard.
Drum storage areas for waste materials are also fenced to form storage pads.

5. ENVIRONMENTAL MEASUREMENTS (DURING INSPECTION)

5.1 HNU/OVA Readings (Note locations on site sketch)

Location Value (ppm) Classification

Background
No reading above

background

Method/Instrument: HNU Photoionization

5.2 Site Topography (Describe relative to regional features)

Site is located in a commercial area with homes to the NE and SW.
Wetland area 4s located between sludge lagoons and landfill area.

Other wetland areas are within one mile. Railroad tracks are located on
east and west side of the site.

-4-



Reference 1>5

5.3 Site Slope (percent)

Read from highest disposal area surface to edge of disposal area.

If disposal area is within enclosed basin, report as zero.

Reading
(Percent)

up to 30%
Landfill to wetland
Manufacturing area 0-3

Average 10%

5.4 Prevailing Direction of Site Slope South

5.5 Distance to Nearest Downslope Surface Waters (from edge of disposal area)

Name/Description Distance Units Permanent/Intermittent

East ditch . adjacent Permanent

5.6 Intervening Terrain Slope to Nearest Downslope Waters (from edge of disposal
area)

Name/Description Reading (Percent)

East ditch from Tank farm 1 15%

Wetland from lagoons 15%

5.7 Distance to Nearest Downslope Wetlands (5-aere minimum)

Size (Acres) Distance Units

12-15 acre (est.) adjacent

-5-



Reference 1>6

5.8 Distance to Critical Habitat (endangered species)

Name/Location Distance

Unknown

5.9 Observed Site Geology (Describe from visual observations)

Overburden (soils) see Hydrogeology Section

Bedrock

Depth to Rock

5.10 Distance to Nearest Potable Well (Identify on topographic map)

Type (Private/Community/Municipal)

Commercial buildings on Jewel Drive
Private homes NE of site
Private homes SW of site

Distance

200

-iOO

son

5.11 Distance to Nearest Off-Site Building

Along Jewel drive 200 ft.

5.12 Describe Source and Use of Water on Site

Groundwater was used as non-process cooling water at one time.

Presently, no use.

Units

outcrops noted in SW corner

Units

feet
feet

feet

-6-



Reference

6.0 LAND USE

6.1 Distance to Nearest;

Residential Area 400 ft.
Commercial/Industrial . 21M) ft'iiitiey

Recreation Use miles

Forest miles

Wildlife Reserve miles
Historic/Landmark Site miles

Prime Agricultural Land miles

Agricultural .Land miles

7.0 SITE EVALUATION

7.1 Landfills/Open Dumps/Piles (Use N/A if not applicable)

Adequacy of Cover: Revegetation on older section good, present urea uncovered

an<1 eroding, cover material quite sandy

Adequacy of Runoff Diversion: None present Ht site.

Potential/Observed Ponding: None observed

Waste Piles Stabilized/Unstabilized: Erosion noted on uncovered sludge

Permeability/Compatibility of Liner: -No liner present

Observed Seeps: None observed

Adequacy of Leachate Collection:

Adequacy of Run-On Controls: N/A

-7-



Reference

7.2 Surface Impoundments Size/Capacity

Adequacy of Diking/Diversion Structures: None observed

Adequacy of Freeboard: Lagoons are presently being emptied, not able to evaluate.

Potential/Observed Leaking: None

Permeability/Compatibility of Liner: Unknown

Adequacy of Run-On Control: None present

Adequacy of Leachate Collection System: None observed

7.3 Containers

Number and Type of Containers Observed: 'Three drum storage pads, 2 tank

farms (6-15,000 gal tanks each).

Container Condition: Good

Observed Leaking (during inspection): N/A

Evidence of Previous Ground Spills:

Evidence of Underground Tank Leaking: N/A

Adequacy of Containment/Diversion Structures;

-8-
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Reference 1-9

8.0 MONITORING/OBSERVATION WELLS

8.1 Number of On-Site Wells: 36

Diameter and Materials: 2 *" pvc metal cased

8.2 Number of Off-Site Wells: Unknown

Diameter and Materials

8.3 Well Identification and Inspection (Include on-site sketch)

*see text Water Level (ft)1

Location/ Total Screen Top of Depth to
Well No. Gradient Depth Interval Water - Stickup = Water

Measurements taken during site inspection to accuracy of 0.01 ft.

8.4 Water Level Instrument/Method:

-9-
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Reference

8.5 Condition of Wells/Seals;

See text

8.6 Well Records (from site owner, operator, or contractor)

Wells Installed by (Driller): See text

Installed for:

Tested by (lab):

Data Obtained by WE (yes/no):

Boring Logs Obtained by WE (yes/no):

8.7 Headspaee HNU/OVA Readings

Well No. Reading (ppm) Classification

Background ' None taken from wells

-10-



Reference 1-11

9. COMMENTS AND INTERVIEW NOTES (IDENTIFY SOURCES)

Solvent type odor detected on north section of site. The odor was coming

from upwind (off-site) sources. Wind direction towards the south.

-11-
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Special
Study
Report

HYDROGEOLOGIC INVESTIGATION

For
Olin Chemicals Group
Wilmington, Massachusetts

February, 1982

MALCOLM PIRNIE, INC
CONSULTINa INVIMONMCNTAL ENOIMOK*



MALCOLM PIRNIE. INC.
ENVIRONMENTAL ENGINEERS, SCIENTISTS A PLANNERS

February 25, 1982

Mr. David Vaughn
Olin Chemicals Group
Environmental Affairs
Lower River Road
P.O. Box 248
Charleston, Tennessee 37310

Re: Olin Contract No. CS-WI-0000-01618
Hydrogeologic Investigation
Wilmington/ Massachusetts

Dear Mr. Vaughn:

In accordance with the subject contract we are pleased to
submit a final draft of our special study report-entitled
"Hydrogeologic Investigation" for the Wilmington plant.

The investigations indicate that the ground water and sur-
face water regimes at the plant are complex. Also concen-
trations of inorganic and organic materials in the ground-
water and surface water are quite variable.

^Overall it appears that only the
a lesser extent, ̂ M̂ BB

Major source areas for these materials have been identified.
A phased remediation program has been recommended for your
review. The program identifies expeditious remedial actions
already taken by Olin during this investigation, recommends
further actions and outlines a monitoring program.

If you have any questions or require additional information,
please do not hesitate to contact us.

Very truly yours,

MALCOLM PIRNIE, INC.

Richard P./Baownell, P.E. Steven P. Maslansky, C.P.G.
'Vice President

RPB:hkh
enclosure

2 CORPORATE PARK DR. BOX751 WHITE PLAINS. NY 10602 914-694-2100 TELEX137364



SUMMARY OF FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

1.

2.

3.

4.

5.

6.

7.

The purpose of this report is to discuss the results of a
hydrogeological investigation of the Wilmington site
performed by Malcolm Pirnie, Inc. (Pirnie). The extent
and movement of material in ground water and surface
water will be discussed and a plan of remediation will be
outlined.

The Olin site is underlain by crystalline bedrock of
Precambrian to Carboniferous and possibly to Triassic
age, Pleistocene glacial material, and Recent organic and
man-made fill material.

The ground-water hydrology is governed to a large extent
by the topography and the bedrock contours. The regional

In addition to
recharge through the unsaturated zone, other sources of
water for the ground water are the streams and the small
pond, as well as man-made (cultural) contributions.

Ground-water discharge from the site is considered to be
essentially constant. Overall it is indicated that
between 71,000 gpd (April data) and 88,000 gpd (August
data) was discharged from the site. Both of these esti-
mates include discharge of water from the sludge lagoons
(estimated at 8,000 to 10,000 gpd) and sewers and sumps
(perhaps 2,000 to 4,000 gpd).

The net surface water discharge was measured to range
between 0.21 and 0.32 mgd with a typical value of 0.22
mgd (81 MG per year). This is in the same range as the
calculated total discharge estimated from ground-water
flow and runoff.

On the basis of the contours of specific conductance,
there appear to be

Jut with a localized discharge from the
southwest of the lagoon area. There appears to be dis-
persion of the materials with migration.

A water budget analysis was used to determine that the
îiSâ fSamil̂ JJmK&̂ iSiî MMJL̂ SM̂  Lagoon 2 was
not yet analyzed.

s-i
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8.

9.

10.

11.

12.

13,

14.

15,

During typical conditions in April (several days after a
rain event), total site ground-water discharges were
approximately 480 Ibs/day of chloride, 2,065 Ibs/day of
sulfate, and 185 Ibs/day of ammonia, as shown in Table
IV-7. At the same time the total net load emitted from
the site as gauged at SS-16 and SS-5 was 535 Ibs/day of
chloride, 930 Ibs/day of sulfate, and 350 Ibs/day of
ammonia.

A secondary
source is the area around the storage tanks and may be
related to the leaking sewer repaired earlier in 1981.
Ammonia moves along the predominant routes of ground-water
inflow. Volatiles (with concentrations above 0.05 mg/1) in
the ground-water regime are bromoform, 1,2 dichioroethane,
toluene, and methylene chloride. It appears that volatile
concentrations in ground water drop off significantly a
fairly short distance away from the areas of concentrations
above 0.2 mg/1. (storage tanks and lagoons).

Priority pollutant Volatiles were detected in the East
Ditch with the highest concentrations entering the site
at station SS-1 on the northern boundary of the site.

In regard to priority pollutant base/neutrals, roughly
0.1 to 2.5 Ibs/day of DOP were calculated to be emitted
from the ground water, while 0.15 to 5.0 Ibs/day were
measured leaving the site. A typical value appeared to
have been 0.4 Ibs/day. In regard to N-nitrosodiphenyl-
amine a typical value leaving the site during the study
appears to have been 0.01 Ibs/day (as N-nitrosodiphenylamine)

There were no non-priority pollutant base/neutrals above
detection limits. The only non-priority pollutant volatile
that was detected was acetone, at 0.05 to 0.2 mg/1. The
source was unkown.

All other inorganic and organic priority
pollutants studied appear to be of no concern.

PIRNIE
S-2



16. Of the inorganic and organic materials of possible concern
discussed above, ammonia is considered to be of somewhat
greater concern than the organics. It does not appear
that even typical net chloride and sulfate discharges
represent a significant water quality problem.

The first phase of any remedial measures program should
address reductions of ammonia. Reductions of chlorides
and sulfates also are of some interest and are expected
to be related to reductions in ammonia. The second phase
of the program should address reductions in priority
pollutant organics. The third phase would include moni-
toring to quantify the improvements obtained by earlier
phases.

17. The lagoons are the most crucial area for application of
remedial measures for ammonia. As discussed earlier, the
lagoons are believed to be the largest single source of
ammonia. They also are a major source of sulfate and
chloride, and a minor source of a few organics. The
primary remedial measure in the lagoon area is excavation
of sludge and replacing the liners with a more secure
liner system. These remedial measures have been completed
for Lagoon 1.

18. Discharge of both organic and inorganic chemicals from
the site, especially into the East Ditch, can be decreased
by remedial measures in the storage tank area.

19. In order to obtain immediate reductions in contamination
of water near the storage tanks, recovery well pumping
has been initiated, and should be continued.

20. Considering the nature of the organics being discharged
and all other factors, it was recommended that either a
multiple recovery well system or an interception ditch be
implemented. The multiple recovery well system has been
implemented.

21. Because contaminants which have accumulated in and on the
banks of the East ditch represent a substantial source of
contaminants which may be readily transported off the
site by stream flow, removal of this material is deemed
an essential remedial measure.

22. The measures proposed above should reduce the discharge
of materials from the Olin site. However, further moni-
toring of the ground and surface water should be done to
document the efficiency of the remedial measures imple-
mented and to determine if any further action appears
warranted.

MAUOCXJV1 s-3
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I. PURPOSE OF REPORT

The purpose of this report is to discuss the results of a
hydrogeological investigation of the Wilmington site performed
by Malcolm Pirnie, Inc. (Pirnie). The extent and movement of
material in ground water and surface water will be discussed
and a plan of remediation will be outlined.

IRNI



II. GENERAL SITE DESCRIPTION

Location
The Olin site is located in Wilmington, Massachusetts,

shown on the USGS Wilmington Quadrangle map (7^ minutes) at
approximately 42° 32' N. latitude and 71° 10' E. longitude.
Figure II-l shows the plant location. The site is approximately
49 acres and is bounded on the north by Eames street, on the
east and the west by the MBTA railroad tracks and to the south
by the Wilmington-Woburn town line, beyond which lies the
Woburn town refuse disposal area. The plant facilities are
located in the northern part of the site and two lined sludge
lagoons occupy the central portion; the southern half is
wooded. Drainage ditches bound the site on the eastern and
western edges; a third drainage complex bisects the site
running west to east. Surrounding this drainage system is a
low lying swampy area, with a small pond. The plant is located
on a topographically high area which includes some filled
area. The southern end of the site is also a topographic
high. The plant landfill area for the calcium sulfate sludge
is located on or near the southern boundary of the site.

Upstream to the north from the Olin site are several
manufacturing plants. To the east of the MBTA railroad tracks
is a drum reclaiming company. To the west is a roofing manu-
facturer and another chemical company. Also to the west is
substantial tract of land (47 acres) which drains into the
complex bisecting the Olin site from west to east.

Geology
The Olin site is underlain by crystalline bedrock of

Precambrian to Carboniferous and possibly to Triassic age,
Pleistocene glacial material, and Recent organic and man-made .
fill material. Figures II-2 through II-5 illustrate the
geology of the site. The bedrock consists of gneissic rock
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with abundant quartz-infilled fractures. Outcrops occur in
the northwest and southwest corners of the site and along the
banks of the eastern drainage ditch. The outcrops appear to
be somewhat fractured, with steeply dipping fracture planes.
However, the borings conducted as part of this study showed
the subsurface rock to be less fractured. (Boring procedures
will be discussed in the next section). The borings also
indicated the existence of a bedrock valley, possibly bisect-
ing the site from the east to the west, in the central portion
of the site. This bedrock valley appears to dip towards the
west. Figure I1-6 shows the bedrock contours.

The glacial material consists of unconsolidated material
that can be divided into two subunits: till and outwash
material.

The till overlies the gneissic bedrock and consists of
unstratified, poorly sorted sands, silts and gravel with some
large cobbles and boulders. Till is deposited by and directly
under a glacier and is not reworked by meltwater streams.

The outwash material overlies the till and is made of
well to poorly graded sands and silts, with traces of gravel
and clay. Outwash material is deposited at the edge of a
melting glacier by meltwater streams.

The Recent surface organic layer overlies the outwash
material, primarily in the low-lying areas of the site.

Local Hydrology
Surface water flow is controlled by the three major ditch

systems: the East Ditch, the West Ditch and the South Ditch
complex. (Please note that ditch designations used in this
report differ from designations by others in earlier reports.)
The East Ditch flows along the length of the site and contains
water year-round due to flow from upstream. The only influent
stream to the East Ditch is the South Ditch. The East Ditch
also contains a spring (SS-2) which emanates from the stream
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bed. The fluid is golden-brown and appears to be emanating
from the stream bed at a faster rate than the stream flow.
The West Ditch also flows along the western boundary, turns
east and becomes the beginning of the South Ditch. There are
several small ephemeral influent streams from the western side
of this ditch. The West Ditch becomes almost completely dry
during the dry season. The South Ditch complex is actually a
series of streams in a lowlying swampy area. In addition to
the West Ditch, a source of water into the South Ditch is an
intermittent non-contact cooling water outflow ditch which
flows between the sludge lagoon and the western MBTA track.
The South Ditch system becomes almost completely dry during
the dry season. A small intermittent pond is also part of the
South Ditch drainage system.

The ground-water hydrology is governed to a large extent
by the topography and the bedrock contours. The regional
ground-water flow is generally towards the southeast and
occurs mainly in the glacial material. In addition to recharge
through the unsaturated zone, other sources of water for the
ground water are the streams and the small pond, as well as
man-made contributions. This subject will be discussed in
greater detail in Chapter IV.
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III. INVESTIGATORY PROGRAM

Previous Investigations
In 1978, Geotechnical Engineers, Inc. (GEI) was contracted

to undertake a ground-and surface-water study of the plant
area by the Massachusetts Department of Environmental Quality
Engineering. Twelve soil borings were performed and eleven
monitoring wells were installed around the site to determine
subsurface conditions. Ground-and surface-water samples were
analyzed for selected organic and inorganic parameters.

In 1980, New England Pollution Control Company, Inc.
(NEPCO) was requested by Olin to investigate the area on the
eastern boundary of the site where black material was discharg-
ing out of the east bank. Eleven soil borings were made and
five observation wells were installed. Samples of the black
material were analyzed and ground-water measurements were made
to determine direction of flow.

Present Investigation
This study program conducted by Pirnie over a one-year

period during 1981 included both field and laboratory investi-
gations and observations. The year was divided into four
quarterly investigation periods. During the second quarter,
the program was further split into three monthly investigation
periods. The field work was performed by Pirnie personnel.
The laboratory work was performed by the Pirnie laboratory in
White Plains, New York and by Mead/CompuChem, Incorporated
(CompuChem) in Research Triangle Park, North Carolina.

Field Work
The field investigation at the Olin site consisted of

investigation of the geological material, the surface and
ground water and the pertinent treatment and disposal
facilities.
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The geological material was investigated through two
methods. Soil borings were performed and continuous soil
samples were taken in order to determine characteristics of
the subsurface material through laboratory analysis of mois-
ture content, pH, cation exchange capacity and sieve-hydrome-
ter grain-size distribution. Test pits were dug to further
investigate the subsurface. Monitoring wells were also in-
stalled to investigate ground-water conditions.

Investigation of the surface-and ground-water conditions
at the Olin site includes water level and flow measurements,
field physiochemical analysis and water sampling, a total of
29 ground-water and 14 surface water sampling stations. Three
samples each were also taken from the sewer system and the
lagoons in order to define sources of contamination. Table
III-l lists the total sampling stations. Figure III-l shows
their locations.

o Soil Boring and Monitoring Well Installation. When
Pirnie started investigations at the Wilmington site, there
were 16 pre-existing monitoring wells on-site. In order to
provide a more comprehensive sampling grid and obtain more
information on the subsurface, six new well sites were con-
structed with a total of ten new monitoring wells. Four of
these six well areas consist of a nested well system, which
contain two monitoring wells (one shallow and one deep) lo-
cated next to each other. A large-diameter well was also
constructed near the northeast storage tanks for general
observation. Well GW-2, after being destroyed by a backhoe,
was replaced before the August sampling period. The new well
was designated GW-2A. An additional monitoring well, GW-23,
was installed near the storage tanks at the same time. Three
drive-point monitoring wells, GW-24, GW-25, and GW-26, were
also installed near the west ditch before the August sampling.
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TABLE III - 1

SAMPLING STATIONS - OLIN - WILMINGTON

Ground Water

GW-1
GW-2 + 2A
GW-3
GW-4
GW-5
GW-6
GW-7
GW-8
GW-10
GW-11
GW-12
GW-13
GW-14
GW-15
GW-16
GW-17S*
GW-17D**
GW-18S
GW-18D
GW-19S
GW-19D
GW-20
GW-21
GW-22S
GW-22D
GW-23
GW-24
GW-25
GW-26

Recovery Well - 1

Surface Water

SS-1
SS-1A
SS-2(SPRING)
SS-5
SS-11
SS-12
SS-16
SS-N-A
SS-N-B
SS-N-C
SS-N-D
SS-N-E
SS-N-F
SS-N-G

Sewer

SIMP 1
TOWN SEWER
PLANT SEWER

Lagoons

LAGOON 1(SOLID)
LAGOON 1(LIQUID)
LAGOON 2(LIQUID)

* S
**

Shallow
Deep

MALGOUrtPIRNIE
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o Test Pita. Test pits were dug in March 1981 and
August 1981 around the northeast storage tanks to further
assess the subsurface material, to install a recovery well,
and specifically to delineate the extent of contaminant move-
ment around the tank area. The test pits were dug using a
backhoe provided by George Gately, of Wilmington, Massachusetts.
Two test pits were dug in March, 1981. Four test pits were
excavated during the August, 1981 period.

o Water Measurements. Ground-water level measurements
were taken at each investigation period during the four quar-
ters, totalling six measurements for the year. The measure-
ments were taken using a drop light. Ground water elevations
were then calculated, and potentiometric maps of the ground-
water table were drawn.

Surface-water flow velocity measurements were made either
with a Marsh-McBirney flow meter or a weir. Cross-sectional
measurements of the stream were taken at each flow measurement
station in order to calculate stream discharges. Two weirs
were contracted by Pirnie personnel in order to measure stream
flow more precisely. One weir was constructed in the South
Ditch near its confluence with the East Ditch. The other weir
was built downstream of the non-contact cooling water effluent
pipe. Figure III-1 shows the location of the weirs and flow
measurement stations.

o Physiochemical Measurements. The field physiochemi-
cal measurements made were pH, temperature, specific conduc-
tance and dissolved oxygen (D.O.). Table II1-2 shows the
schedule of measurements. Measuring techniques and types of
equipment used are listed in Appendix A.

These field physiochemical measurements (except the D.O.)
were performed at the major surface and ground-water sampling
stations, (designated SS and GW, respectively) for all of the
sampling periods. The D.O. was taken during one sampling
period only, to ascertain whether the geochemical system was
operating under aerobic or anaerobic conditions.
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o Well and Surface Water Sampling Techniques. Samp-
ling was performed using two methods, a PVC bailer for the
ground-water samples and by dipping the sample bottles to
obtain surface water samples. The order of sampling was from
less contaminated to more contaminated stations, in order to
lessen any possibility of cross-contamination of samples.

To obtain the ground-water samples, the total volume of
the wells was evacuated three times before sampling, with a
IVinch PVC bailer. Samples were also obtained by use of the
bailer. For sampling volatiles care was taken not to agitate
the ground water while sampling. The bailer was rinsed with
distilled water after each well sampling was completed. The
bailer was rinsed with acetone, then distilled water after
sampling wells with high levels of organic contaminants.

Surface water sampling was performed by dipping, the
sample bottle below the stream surface, in order to obtain a
more representative sample from the stream flow.

o Lagoon Monitoring. The two sludge lagoons were also
monitored through sampling and water level measurements. In
order to monitor Lagoon 1, the smaller 195 ft. by 195 ft.
lagoon, four one-inch diameter well points were installed in
the lagoon. Water levels were taken during the first, second
and third quarters, for a total of five measurements. Recon-
struction of the lagoon prevented measurements from being
taken in the fourth quarter. The water levels were used to
calculate a water balance for the lagoon, described in a later
portion of this report. One sample each of the Lagoon 1
liquid and solids, mr*? th* Lagoon 2 (260 ft x 85 ft) liquid
was taken in the third quarter. Field pH measurements were
taken in each of the three quarters.

Laboratory Soil Tests
Laboratory tests were performed in the Pirnie soils

laboratory on selected soil samples from the borings. The
laboratory tests performed included moisture content, cation
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exchange capacity (CEC), sieve-hydrometer grain-size distri-
bution analysis, and pH measurements. These tests were per-
formed according to the procedures and methods listed in
Appendix B.

Laboratory Chemical Analysis
Water samples were analyzed for selected inorganic con-

stituents, Priority Pollutant volatile and base/neutral con-
stituents and non-Priority Pollutant organic constituents
during the course of the year. Table II1-2 shows the schedule
of analysis for the chemical constituents.

The analyses of the inorganic constituents and selected
volatile Priority Pollutants during certain sampling periods
was performed by Pirnie. The analysis of the majority of the
volatile and base/neutral Priority Pollutant constituents as
well as the non-Priority Pollutant constituents was performed
by CompuChem.

The techniques used for the analysis of the inorganic
constituents are listed in Appendix C. The techniques used
for the organic analysis are listed in Appendix E.
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TABLE III - 2

Constituent 1st Qtr. 2nd Qtr. 3rd Qtr. 4th Qtr.

Field

1.

2.

3.

4.

PH

Specific Conductance

Temperature

Dissolved Oxygen

3-81 4-81 5-81 6-81

A A A A

A A A A

A A A

A A A

8-81

A

A

A

12-81

A

A

A

Laboratory

1.

2.

3.

4.

5.

6.

Chlorides

Sulfates

Ammonia

Nitrate-Nitrite

Alkalinity

Metals:
Lead
Chromium To tal
Cr 3, Cr*5
Parfefiimi

A A A A

A A A A

A A A A

A A A A

A A A A

A A A A
A A A A

A A A

A A A A

A

A-

A

A

A

A

A

A

A

A

A

A

A

A
A

A

A

7. Volatile Priority
Pollutants

8. Base-Neutral Priority
Pollutants

9. Non-priority Pollutants
dioctyldiphenylanine
20 peak search
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CHAPTER IV

DATA EVALUATION

General
As discussed in previous sections, an extensive field and

laboratory investigatory program was undertaken to determine
the extent of materials on the Olin site and the movement of
materials onto and off the site. To accomplish this objec-
tive, field information was collected to quantify precipita-
tion and ground-water and surface water flows to and from the
site. Consideration was given to both naturally and culturally
induced water flows and also to the possibility of seasonal
differences.

The water balance information was then to be interfaced
with data on inorganic and organic materials in the ground and
surface waters. ,It was expected that approximate material
balances could be obtained on materials of interest. This in
turn would facilitate the evaluation of any appropriate
remedial measures.

As a first step, a comparison was made of total monthly
precipitation measured with the gauge at the Olin site, the
gauge in Boston, and the thirty-year average total monthly
precipitation measured. Figure IV-1 indicates that 1981 was a
slightly below average water year. The total annual precipi-
tation based on the thirty-year average data was 40.5 inches
per year versus about 37 inches per year in 1981 at Olin.
Figure IV-1 also indicates that March, November and December
historically are high rainfall months while July is the lowest.
March also was considered by Pirnie to be a historically
possible high surface water month, as a result of snow melt.
However, the Olin site received subnormal precipitation in
March (normally wet). Data from the Boston station also
indicates that January was a dry month while February received
higher-than-average rainfall. While July was wetter than
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normal, August was a very dry month. While the thirty-year
average data indicate that there is a mild seasonality in
precipitation in the area, the 1981 data from both the Boston
and the Olin gauges indicate that specific precipitation
events can completely mask the mild, long-term trends.

The ground-water system will generally have a slow
response time to additions of precipitation (weeks to several
months) but will generally reflect cumulative precipitation
events over the last several months. Surface water responds
to precipitation events in a shorter time (several hours to 36
hours); hence the surface runoff measurements made at a point
in time on the Olin site also reflect a response to recent
discrete precipitation events. The differences in response
times between these two systems complicates interpretation of
surface and ground-water data at this site. Overall the
precipitation data indicate that there are no seasons of
significance, only dry and wet periods of varying time dura-
tion. Consideration will be given to using average annual
discharges where appropriate. Ground-water and surface water
discharge data are discussed below with this in mind.

Ground-Water Flows
Hydraulic Conductivity
As discussed earlier, there are two principal subunits in

the unconsolidated sediments underlying the site: the sand
and the glacial till. These have differences in their hydro-
geologic properties which are discernible by both field de-
scriptions and laboratory investigations.

Field descriptions from borings completed on the site
delineated the thickness and areal extent of the two soil
subunits. Grain size analysis by sieve and hydrometer methods
were performed to verify field descriptions and to determine
the hydraulic conductivities of the soils underlying the Olin
site. Laboratory estimates of hydraulic conductivity varied
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from 34 ft/day (1.2xlO~2 cm/sec) to 0.2 ft/day (7.2xlO~5

cm/sec). These values were in the same range (57 ft/day
(2xlO~2 cm/sec) to 0.3 ft/day (1x10 cm/sec) as those deter-
mined by Geotechnical Engineers Incorporated (GEI) by in-situ
falling head tests in wells set in the soils in the Olin site.
A table in Appendix B summarizes the measured hydraulic con-
ductivities which vary both between and within soil types.
However, the site soils are quite variable. This complexity
makes it extremely difficult to estimate ground-water flows
except in using average hydraulic conductivity for the site.
An average of 17 ft/day (6x10" cm/sec) was used to calculate
discharge.

Ground-Water Table
The water levels measured in the monitoring wells were

expected to be useful for two purposes: identification of
recharge and discharge areas; and, the estimation of overall
ground-water flow velocities and flows. To develop the over-
all ground-water flows, well water levels observed during all
six field trips were reviewed. Water contour maps were drawn
for April and August (Figures IV-2 and IV-3).

Nested wells assisted in differentiating recharge zones
(where head in the shallow well is greater than head in the
deep well) from discharge zones (where head in the shallow
well is less than head in the deep well). The area near GW-19
(between the lagoons and the South Ditch complex) is a ground-
water discharge zone at all sampling times while the areas
around the other nested wells were ground-water recharge
zones. The upward flow of ground water in the area around
GW-19 signifies two things: first, all of the ground water
discharged from the site toward the South Ditch complex should
discharge into the Ditch (i.e., ground water does not bypass
the Ditch by flowing under the Ditch), second, symmetrical
discharge of ground water from the soils south of the South
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Ditch complex is a reasonable assumption. The contours shown
(graduated in feet above sea level datum) connect points of
equal hydrologic head (potential). As indicated by the dashed
lines in Figure IV-2, ground-water flow is almost always
perpendicular to these contour lines at any one point in time.
Therefore, the dashed lines illustrate the direction of ground-
water flow on the site. Throughout the Olin site, there is a
general south-southeast decrease in elevation of the ground-
water table (gradient) which is probably the natural flow
direction produced by bedrock configuration and location of
recharge areas. A north-south trending ground-water mound is
superimposed on this natural gradient in the area which under-
lies Lagoon 1 and the buildings to the north of Lagoon 1.
This mound is probably influenced by man-made inputs. Leakage
from the lagoons probably contributes to the south end of the
mound. Ground water recharge by roof or foundation'drains
from the buildings and possibly leakage from sewer lines also
represent a minor contribution; however, this was not investi-*
gated. It is our understanding that the sewers are being
repaired.

Comparison of the ground-water table elevations for April
and August indicates that the water-table surface maintains
the configuration described above. Comparisons between water
levels in individual wells indicate that water levels in wells
around the periphery of the site (GW-21, GW-3, GW-8, GW-12)
decreased between April and August while water levels in the
area around the lagoons and the buildings to the north of the
lagoons increased slightly (approximately 0.1 ft) over this
same time period. Overall the greatest gradients (difference
in water elevation) occurred in August. As noted earlier,
August had little rainfall; as will be discussed later, our
measured surface water flows were the lowest in August.
Stream water levels also should have been the lowest. Con-
versely, April gradients were representative of the other five
measurement events.
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Lagoon Water Balance
One concern raised by Olin was whether or not the exist-

ing gypsum lagoons were leaking through the liners. Pirnie
scientists used a water budget analysis to surmise that the
Lagoon 1 (see site map) was leaking and to estimate the volume
of water that leaked through the liner of the lagoon. Using
precipitation measurements from the rain gauge on-site and the
best possible estimates of the volume of water that could be
evaporated from the lagoon surface, the expected water levels
in the sludge were calculated. These expected water levels
were then compared with measured water levels and the rate of
discharge from the lagoon was calculated for two different
values of sludge porosity (i.e., water stored in voids in the
sludge). The total water loss from the lagoon was calculated
by multiplying the difference in water levels by the total
area of the lagoon. These calculations, summarized in Table
IV-1, indicate that between 52,900 gallons and 240,000 gallons
of water leaked through the boundaries of Lagoon 1 in approxi-
mately a one-month time span depending on the porosity value
used. Similar volumes of water are speculated to be leaking
from Lagoon 2, since it has received the same sludges and has
been operated in the same fashion as Lagoon 1.

TABLE IV-l

CALCULATED WATER LEAKAGE FROM LAGOON 1

Tine Span Porosity Water Lost (gallons)

March-April 30% 52,900
April-May 30% 218,000

March-April 50% 86,000
April-May 50% 240,000

Excavation of sludge and inspection of the lagoon liner in the
fall of 1981 confirmed that the liner was perforated and
allowed leakage of fluids from the lagoon. As will be
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described later, actions were initiated by Olin to replace the
liners.

Overall Ground-Water Discharge
Calculations of ground-water flow velocities were based

on hydraulic conductivities and gradients. The actual flow
velocity through the glacial till, which, in most cases,
constitutes a great portion of the saturated thickness of the
aquifer, may be as low as 0.3 ft/day (IxlO"4 cm/sec). The
average velocity is believed to be on the order of 0.5 ft/day

-4(1.7x10 cm/sec). Overall it is indicated that between
71,000 gpd (April data) and 88,000 gpd (August data) was
discharged from the site. Both of these estimates include
discharge of water from leaky lagoons (estimated at 8,000 to
10,000 gpd) and sewers and sumps (perhaps 2,000 to 4,000 gpd).
Under natural conditions, actual ground-water discharge may be
on the order of 59,000 gpd. The observed increase in ground-
water discharge between April and August is probably produced
by the increase in the hydraulic gradient which is observed on
the site in August. Given the great variability in hydraulic
conductivity of soils on the site (as much as two orders of
magnitude) and errors in estimating the hydraulic gradients
from water-table contours, ground-water discharge from the
site is considered to be essentially constant.

Surface Water Flows
A surface-water monitoring system was established on the

site to evaluate the response time of the surface water system
to long-term and single-event variations in precipitation and
to measure the total discharge from the site. The surface
water is derived from runoff and ground-water discharge. The
surface water monitoring program included installation of 13
stream gauging stations, including weirs and points where flow
velocity measurements were taken. Surface-water sampling
stations were chosen so that discharge at the upstream station
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could be subtracted from discharge at the downstream station
to determine the approximate volume of surface water derived
from the Olin site. The two weir locations were expected to
yield more precise information than the other stations (see
Figure IV-3 or Figure III-l for the location of the measure-
ment points). Table IV-2 summarizes the surface-water dis-
charge measurements made during six sampling field trips to
the Olin site.

TABLE IV-2

DISCHARGE RATES OF SURFACE WATER AT THE OLIN SITE
(million gallons per day)

Mar. Apr. May June Aug. Dec.

East Ditch SS-1 0.21 0.09 0.19 0.18 0.17 0.23
East Ditch SS-2 - - - 0.03 0.05 0.15
East Ditch SS-16 0.24 0.30 0.36 0.30 0.16 0.39
South Ditch SS-5** 0.18* 0.04 0.03 0.19 0.06 0.13
South Ditch SS-11** - - - - - 0.10
South Ditch SS-N-A - - - - - 0.30
South Ditch SS-N-F - - - - - 0.27
South Ditch SS-12 - 0.10 0.13 0.01*** No Flow 0.05
"Net" Discharge**** 0.21 0.25 0.20 0.31 0.05 0.29

* Flows measured prior to weir construction
** Weir

*** Before rain event
**** Sun of SS-16 minus SS-1 plus SS-5

As can be seen from the above table, surface water dis-
charges from the site were highly variable. Net discharges
can be calculated for the eastern 15 acre portion of the site
(north of the Sotrth Ditch complex) contributing to the East
Ditch by subtracting the flow at SS-1 from the flow at SS-16.
The net increase ranged from about 210,000 gpd in April down
to a calculated loss in August. It is believed that these
August data represent a measurement error within the accuracy
of the measuring device used. Since there was no evidence of
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recharge from the East Ditch into the site during August, a
positive increase in flow almost certainly occurred in
actuality.

The net discharge leaving through the South Ditch complex
is more difficult to determine; as discussed earlier, some
ground water is believed to leave the site to the west and
reenter the site at SS-12. This station also receives contri-
butions from the drainage area to the west of the Olin site.
However, the net discharge from the South Ditch complex roughly
ranges from a 130,000 gpd increase to a 100,000 gpd decrease;
the decrease is attributed to storage in the South Ditch
complex. This storage is represented by the intermittent pond
mentioned previously.

The overall total net discharge through the East Ditch
SS-16 and the South Ditch complex for the entire 57 acre site
and the 43 acres to the west was as high as about 310,000 gpd.
while the low value was measured to be 52,000 gpd, it is
believed that a value of 60,000 gpd is probably more accurate.
The above flows include cultural inputs.

Comparison of the average annual discharges from the site
and the individual measurements collected during the six
samplings illustrates how the hydrologic system responds to
conditions of above and below normal precipitation. The
minimum net discharges from the site were measured in August,
the time indicated by the rain gauge to be the prolonged dry
condition. Discharge through the South Ditch in August was
0.065 mgd, which is predominantly ground water and non-process
cooling water; differences in discharge through the East Ditch
are less than the detection limits of the flow meters used.
Although June would be expected to be a normal precipitation
discharge time period, the net site discharge was at a maximum,
0.32 mgd, and results from a measurement taken a day after a
rain event of 1.5 inches in twenty-four hours. This discharge,
which is predominantly surface water, illustrates that the
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maximum discharges from the site are related to discrete high
intensity precipitation events. The December measurements
were taken under prolonged high precipitation conditions in
which both ground and surface water would respond to increased
water supply. Therefore, the 0.29 mgd was representative of
the maximum discharge that could be anticipated from the site
over extended periods of time (weeks or a month).

Water Budget Calculations
Calculation of Typical Surface Water Discharges
Although the water system at the Olin site is too complex

to permit water budget analysis of data collected at a single
point in time, water budget calculations can be made using
average annual data. The geologic, hydrologic, and geochemi-
cal information collected indicate that the ground water and
surface water flowing from the site and the 47-acre drainage
basin to the west discharges into the East Ditch and South
Ditch complex and can be measured as discharge through SS-16
and SS-5.

Ground Water from the Olin Site - Water table contours
show that the hydraulic gradients and saturated zone thickness
remain fairly constant- throughout the year. The total ground-
water discharge through the site is approximately 71,000
gallons per day or 26 MG/year. This estimate includes man-made
contributions: from the lagoons (about 8,000 to 10,000 gpd)
and leaky sewers and sump (perhaps 2,000 to 4,000 gpd) so that
the natural yield from the site would be on the order of
59,000 gpd or 0.50 MG/year acre.

Ground Water from Off-Site - The South Ditch also receives
ground-water discharge from the drainage basin to the south
and west of the Olin site. Approximately half (23 acres) of
the off-site portion of the drainage basin is not believed to
receive significant recharge from precipitation to produce
ground water because of suspected low permeability of the
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soils and recent construction. Therefore, the remaining 24
acres of the drainage basin to the west based on the natural
yield rates listed above would be expected to produce ground
water at a rate of 0.50 MG/acre-year for a total of 12 MG/year
of water from off-site ground-water discharge, based on expe-
rience elsewhere.

Runoff - In addition to the ground-water discharge dis-
cussed earlier, some of the precipitation which falls on the
site leaves as surface runoff. Runoff rates for the general
area around.the site, as listed in existing literature, is
estimated at approximately 12 inches per year for 37 inches of
precipitation. At this rate the 100-acre drainage basin in
which the Olin site is located produces 33 MG/year as surface
runoff.

Total Typical Discharge - The calculations above indicate
that approximately 71 MG/year of water is discharged from the
site. It is inferred .from geologic and hydrologic data in
this study that all of this water discharges through the
gauging stations at the furthest points downstream on the East
Ditch (SS-16) and on the South Ditch (SS-5). For the six data
sets the net discharge through these two points was calculated
subtracting the discharge at SS-1 from the discharge at SS-16
and summing this with the discharge at SS-5. The net dis-
charge calculated by this method ranged between 0.21 and 0.32
mgd with an average of 0.22 mgd (August data excluded because
of anomalous data and non-correlation with average values).
This typical flow of 0.22 mgd is approximately 81 MG per year
and is in the same range as the calculated total discharge
estimated from ground-water flow and runoff. The 81 MG per
year typical measurement also includes man-made inputs to both
surface and ground water. Table IV-3 summarizes the annual
water budget calculations.
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TABLE IV-3

ANNUAL WATER BUDGET SUMMARY

Volume
1. Estimated Component Contributions

Ground water from Olin site 26 MG/Y

Off-site ground water from infiltration into the
remaining 47 acres of the watershed 12 MG/Y

Runoff from entire 100-acre drainage basin 33 MG/Y

Total calculated yearly discharge, estimated: 71 MG/Y

2. Total Typical Measured Discharge 81 MG/Y

Inorganic Material Analyses
A comprehensive program of ground-water and surface water

sampling and analysis was conducted to identify materials
present in the ground water at the site. Sample point networks
and sample schedules were designed to identify the sources of
materials, monitor material migration, and permit estimations
of the quantities of various materials which discharge from
the property.

Ground Water - Inorganic Chemistry. Samples of ground
water were collected on six occasions and the concentrations
of inorganic chemicals in these waters was measured. Appendix
3 summarizes the results of the inorganic ground-water chemical
analyses. The concentration of each inorganic species was
plotted on a site map and contoured to illustrate the distri-
bution over the site. During the first sampling field trip
all ground-water samples were analyzed for acidity, ammonia,
chlorides, dissolved solids, nitrates, sulfates, volatile and
base/neutral priority pollutants, and selected organic com-
pounds. Sampling schedules were modified during the subsequent
sampling periods based upon the results of the first sampling.
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Approximate ambient or background values for chemical
constituents in the ground water found in the glacial sediments
of the Wilmington area, based on values listed in the USGS
Water Supply Paper No. 1694 (1964) are shown in the following
table.

Parameter

Background
Value

pH

6.1

Specific Alkalinity
Conductance Temperature (rag/1) as Nitrogen Chloride Sulfate
(umhos)

260 9.9

CaCO.

15

(mq/1) (mq/1) (mq/1)

<1 11

o Specific Conductance. The contour map of specific
conductance of ground waters collected from the site is shown
in Figure IV-4. Specific conductance is a measure of the
ability of a water sample to conduct an electrical current, a
property which depends on the total concentration of.chemical
species dissolved in the water. Because the total concentra-
tion of dissolved species controls the specific conductance of
water, Figure IV-4 can be interpreted as a map of the total
dissolved material in the ground water.

The specific conductances of the waters
from each well fluctuated between sampling periods, but gener
ally remained in the same order of magnitude. The general
distribution of specific conductance shown in Figure IV-3 is
observed through all sampling periods.
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FIGURE 1V-1
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the site, the sludge disposal lagoons and nearby sumps and the
area surrounding the storage tanks. From these two source
areas, materials seem to migrate with the ground water, predo-
minantly to the south and southeast, but with a localized dis-
charge from the southwest of Lagoon 2. There appears to be
dispersion of the materials with migration, thus mitigating
any possible impacts on surface water quality.

o pH. Ground water from wells directly to the east of
Lagoon (GW-6, GW-7) and near the west boundary (GW-10) have
low pH values. Wells in the extreme southern portion of the
site (GW-18 and GW-20) have high pH values (9 to 11). The
contour map of pE of ground waters collected from the site is
in Appendix 6.

The pH of ground waters collected from beneath the stor-
age tanks area varied from 4.5 to 6.9. The low pH values to
the east of the lagoons, GW-6, are indicative of the presence
of a source of H+ ions, such as an acid. Since the long
abandoned acid neutralization pits were located in this area,
remains of waste disposed there are a likely source of H .
Low pH's in GW-10 also may be indicative of past on-site
activities. The other area of low pH (GW-12) is located in
the swampy area surrounding the southern stream where humic
acids may be produced as a result of organic decay. The
ground water sampled to the west of the lagoons (GW-11, GW-22S),
have high pH values (8-10). The high pH values associated
with part of the area around the lagoons may indicate contri-
bution of basic anions from lagoon leakage. It is unclear why
there are high pH values south of the South Ditch complex.

Relative pH values also tend to be consistent over the
four sampling periods, but a general low in pH was observed in
all wells in April and May. Comparison of pfi values collected
by GEI, Olin, EPA, and Pirnie shows that, except for a decrease
in GW-6 and GW-8 and an increase in GW-11, the pH of ground
water beneath the site has remained relatively constant.



Ground waters collected on-site were generally in the 5 to 7
range.

o Chloride and Sulfate. Chloride and sulfate behave
in a similar manner to the specific conductance. These chem-
icals are found in high concentrations (Cl~ >1,000 mg/1, SQ~
>10,000 mg/1) near the lagoons and process buldings, in a
pattern similar to the distribution of specific conductance.
A contour map of chloride and sulfate concentrations in ground
waters ampled from the site is in Appendix 6. The probable
discharge directions, shown by the dashed lines, are the same
as those for specific conductance, and concentrations are
greater in the deep wells (versus the shallow wells). Compa-
rison of samples collected previously by EPA, Olin and GEI and
during the four sampling periods by Pirnie shows that concen-
trations of chemicals in the wells on the site generally
remained constant over five years. Concentration of chloride
decreased by an order of magnitude in wells GW-3 and GW-8
between the 1977-1978 sampling and the 1981 sampling. Con-
versely, the concentration of sulfate increased by an order
of magnitude in GW-6 and GW-7 and by two orders of magnitude
in GW-2 and 2A.

Also the concentrations of chlorides and sulfates were
higher in the deeper wells than in the shallower wells of the
nested well systems; this is not surprising considering our
understanding of possible past activities. For instance,
liguids with high specific gravities would tend to migrate
downward.

should be noted that there are no known activities related to
the storage tanks which account for the presence of the chlo-
rides and sulfates. However, a leaking sewer was replaced in
that area during 1981.
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o Alkalinity. Alkalinity is the ability of a solution
to buffer (neutralize) acid. Since bicarbonate (HCO-") is the
dissolved species which buffers acid (i.e., reduces H concen-
tration) in the pH range of natural waters (4.5 to 8.3),
alkalinity is usually expressed as concentration of CaCO-.
The contours show that the highest alkalinities (>1,000 mg/1)
were observed in ground waters sampled to the west and south
of the lagoons. Alkalinities greater than 100 mg/1 are found
in the area of the northeast storage tanks, as well as in the
area around the sludge landfill. Waters from the other wells
on the site generally have alkalinities less than 100 mg/1
(within the range of natural waters). Alkalinity remained
within the same order of magnitude in most of the wells over
the entire 1981 sampling period. Alkalinity values in wells
GW-6, GW-7, GW-10, and GW-12 varied by more than an order of
magnitude, but always remained in the range of normal ground
waters. Alkalinity was greater in deep wells than in shallow
wells in all of the nested wells.

Sources of high alkalinity appear to be primarily the
lagoons and, secondarily, perhaps the landfill or previous
disposal activities for gypsum sludge. A contour map is in
Appendix F.

o Ammonia. A contour of ammonia concentration, shown
in Figure IV-5, shows that: ammonia concentration, like most
other dissolved species, IS

The wells around
the storage tanks also have concentrations which may exceed
100 mg/1. The ammonia concentration in any given well usually
remained within the same order of magnitude during the year,
but higher concentrations of ammonia (varying by as much as an
order of magnitude in wells GW-2 and GW-11) were observed in
during May through August. As with the chlorides and sulfates,
concentrations of ammonia in the deep wells exceed concentra-
tions in the shallow wells of the nested well systems.
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The major source of ammonia is believed to be leakage
from the lagoons and related facilities. A secondary source
is the area around the storage tanks and may be related to the
leaking sewer repaired earlier in 1981. Ammonia moves along
the predominant routes of ground-water flow.

o Nitrates and Nitrites. Like the other chemical
species, the highest concentrations of nitrates and nitrites
(greater than 100 mg/1) are found near the lagoons with de-
creasing concentrations (1 to 10 mg/1) with increasing dis-
tance from the lagoons. The distribution shown is representa-
tive for a wet or dry season condition because nitrate and
nitrite concentrations generally remained within an order of
magnitude at any given well, except in GW-2 and GW-22D, where
concentrations decreased by an order of magnitude and GW-22S
where concentrations increased by an order of magnitude. Most
wells showed an increase in these species in the dry season
except GW-5 in which the concentrations decreased by two
orders of magnitude. Nitrate and nitrite concentrations in
the nested wells show no consistent patterns. Nitrate concen-
trations in 17D are greater than in 17S, less in 19D than 19S,
and switch from a greater concentration in 22D to a greater
concentration in 22S over the sampling period.

Measurements of dissolved oxygen in the wells on the site
show that even in wells where ammonia concentrations are high,
the dissolved oxygen concentrations are high. One would
expect that nitrification would occur in ammonia bearing
waters. Further, the ground water would be depleted in oxygen
since nitrification is an oxygen consumptive reaction. However,
it is possible that in areas with high ammonia concentrations
are and/or low pH's that the nitrification reaction is erratic.
However, it is believed that at least some of the nitrates and
nitrites measured on the site are produced from nitrification.
A contour map is in Appendix F.
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o Chromium (+3 and +6). A contour map of chromium +3
is shown in Figure IV-6. Initially, high concentrations of
total chromium were found in wells near the lagoons in acidi-
fied samples. Subsequent unacidified samples were analyzed

+3 +6for Cr and Cr . Chromium +3 generally occurred in concen-
trations at or below detection limits over the site, except in
the area around the lagoons (GW-7, GW-22D) where it occurred
in high concentrations (> 1 mg/1). The distribution shown is
representative of chromium distributions throughout the year
because concentrations have remained within the same order of
magnitude during the entire sampling period with slight in-
creases during the dry season. Nested wells 22D and 22S, the
only nested wells with large enough concentrations to compare,
indicate that chromium is more concentrated in the deeper
glacial till sediments than in the shallow sands.

Chromium +6 occurred in low concentrations around the
lagoons and was generally below detection limits over the rest
of the site. The area around the landfill initially had
moderate concentrations of Cr (0.36 mg/1 in GW-18D, 0.39
mg/1) which dropped to below detection limits by the last
sampling period.

The source of chromium shown in Figure IV-6 is located
around the lagoons. Chromium wastes were known to have been
disposed in this general area. Since chromium +3 and +6
concentrations dropped to levels near or below detection
limits by the end of the sampling period, especially at the
site periphery, chromium should not be an element of concern.

o Cadmium and Lead. Water samples were also analyzed
to determine concentrations of cadmium and lead. Elevated
concentrations were found primarily in wells near the lagoons
with some slightly elevated concentration in wells down gradi-
ent of the lagoons. In several cases, these concentrations
decreased to low or below detection levels during the sampling
period.
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7,200 Ibs/day of sulfate and 900 Ibs/day of ammonia. The
increase in total net loading from the site is believed to
have been caused primarily by a great increase in the surface
water discharge related to the high-intensity precipitation
event. The marked increase in concentration of some materials
(especially sulfate) under wet conditions may be due to scour-
ing of materials from the ground as surface water flows over
the site.

Conversely, the net load emitted in the surface water in
December, a period of sustained wet conditions in which high
loading rates would be expected, decreased to approximately
110 pounds per day of chloride, 425 pounds per day of sulfate,
and 81 pounds per day of ammonia. The chloride and ammonia
emissions were significantly lower, while sulfates were only
somewhat lower. As will be discussed later, while it is
believed that remedial measures enacted to date may have
contributed to this reduction in part, additional data are
needed before this reduction can be classified as more than
part of a downward trend.

Organic Material Analyses
Ground-water and surface water samples were analyzed for

volatile and base/neutral (B/N) priority pollutants. On
several samples non-priority pollutant volatile and B/N mate-
rials were identified. For convenience in this report, organic
data were grouped into three ranges: a lower range - above
detection limits but less than 0.05 mg/1, medium range - 0.05
to 0.20 mg/1; and an upper range - concentrations greater than
0.20 mg/1. The discussion of the data in terms of ranges
seems appropriate given the known analytical variability.

Ground-Water Volatiles
Volatiles. Olin ground-water samples were analyzed for

31 volatiles listed on the Priority Pollutant list. The
thirteen volatiles listed below were detected at least once at
the Olin site. The data are in Appendix E.
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1. Benzene
2. Bromoform
3. Carbon Tetrachloride
4. Chlorodibromomethane
5. Chloroform
6. Dichlorobromomethane
7. 1,2 Oichloroethane
8. Ethylbenzene
9. Methyl Chloride
10. Methylene Chloride
11. 1,1,2,2 Tetrachloroethane
12. Toluene
13. 1,1,1 Trichloroethane

Of the compounds listed above, volatiles with elevated
concentrations in the ground-water regime are bromoform, 1,2
dichloroethane, toluene, and methylene chloride. Methylene
chloride concentrations fluctuated widely over the sampling
period and over the site. Methylene chloride was found in
upper range concentrations (GW-4, GW-5, SS-5, SS-12) during
the last sampling round, but there appeared to be no correla-
tion with other compounds. Although the possibility cannot be
discounted that minor amounts of this compound were used
on-site in the past, it is more likely that the erratic methyl-
ene chloride results are related to analytical problems commonly
associated with the use of this compound in certain laboratory
procedures; therefore, it will not be discussed further in
this report.

There appear to be two minor areas of volatiles in the
ground water. The first area is around the northeast storage
tanks, where mid to upper range concentrations of toluene were

in wells GW-2+2A and GW-16-.

"The second area of high concentration is around the
lagoons and the nearby plant area. Moderate to high concen-
trations of bromoform, 1,2 dichloroethane and toluene appear

.wells GW-6, GW-7 and GW-19O which surround the lagoon area.
As discussed earlier, Lagoon 1 (and probably Lagoon 2) is
believed to have had a ruptured liner during this study. This
condition would have allowed infiltration of liquid into the
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ground water. Analysis.of the Lagoon 1 liquid showed it to
have lower range concentrations of 1,2 dichloroethane and
toluene.

The vertical location of the volatiles in the subsurface
does not appear to be controlled by the geology. A comparison
of the nested well data obtained from the shallow and the deep
wells indicates that there appears to be no correlation between
the depth of a well and its volatile concentration. This is
to be expected since volatilization of these compound may act
as a significant removal mechanism before the compounds reach
the ground water.

The most significant factor governing the location of
volatiles is proximity to the source of contamination. It
appears that volatile concentrations drop off significantly a
fairly short distance away from the areas of concentrations
above 0.2 mg/1. Although there may be minor areas of upper
range volatile concentrations on-site, by the time the ground
water discharges into the surface water, volatile concentrations
consistently have dropped to near or below detectable limits.
Thus, there appears to be little or no input of volatiles from
the ground water at the Olin site into the surface water.

The variation in volatile concentrations between wet and
dry conditions also shows no pattern. Since most of the
variations were within an order of magnitude, the variations
seen may be due to natural fluctuations in the ground water.

Surface Water - Volatiles
Of the twelve volatiles detected in the ground water

(excluding methylene chloride) only five were detected in the
surface waters. One volatile was detected once in the surface
water but not in the ground water. The data are in Appendix
5. Of significance is that volatiles were only measured in
the East Ditch and with the exception of one trichloroethylene
sample, the highest concentrations were entering the site at
station SS-1 on the northern boundary. Supplemental sampling
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to the north of the site in the East Ditch (SS-1A) confirmed
that lower range .concentrations of chloroethane and 1,1,1
trichloroethane and high concentrations of toluene were origi-
nating from off-site.

By the time station SS-16 was reached, the chloroethane
and 1,1 dichloroethane were below detection limits. Also the
toluene and 1,1,1 trichloroethane concentrations were reduced
significantly by the time SS-16 was reached. For instance, in
December the toluene concentration dropped from 0.31 mg/1 at
SS-1 to 0.043 mg/1 at SS-16, while the flow only increased 70
percent across the site. Further, the concentrations of
toluene and 1,1,1 trichloroethane decreased over the course of
the study at both SS-1 and SS-16.

In regard to trichloroethylene, it was only measured
above detection limits in one sample at SS-16. The source of
the 0.053 mg/1 measured in that sample is unclear. It is
possible that it is related to off-site man-made activities to
the east of the Olin site; a drainage pipe does enter the East
Ditch from the east just a few feet downstream of SS-16.

Overall, the Olin site is not believed to be the source
of any volatile organic compounds in the surface water. Hence
no discharge rates were calculated.

Ground Water - Base/Neutrals

Olin ground-water samples were analyzed for forty-one
base/neutral (B/N) compounds by CompuChem. The eleven listed
below were detected at least once at the site. The data are
in Appendix E.

1. Acenapthalene
2. Anthracene
3. Bis (2 ethylhexyl) Phthalate (DOP)
4. 4-Bromophenylphenyl ether
5. Butyl Benzyl Phthalate
6. Di-N-Butyl Phthalate
7. Fluorene
8. Napthalene
9. N-Nitrosodiphenylamine
10. Phenanthrene
11. Dioctyldiphenylamine
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Only six of the above compounds were found in elevated
concentrations in the ground water: bis (2 ethylhexyl) phtha-
late (DOP), butyl benzyl phthalate, di-n-butyl phthalate,
"N-nitrosodiphenylamine"<and dioctyldiphenylamine. N-nitroso-
diphenylamine was actually detected as diphenylamine by Compu-
Chem; the diphenylaminel also included N-nitrosodiphenylamine.
Further analysis showedvthat the "N-nitrosodiphenylamine"
values listed on Appendix 5 are only approximately 20% N-nitro
sodiphenylamine, based on analysis of one sample.

StacH

GW-14, GW-15, GW-16, and GW-23. This source appears to be
very localized and is probably due to past activities in the
area around the tanks.

concentrations of—

DOP occurs in upper range concentrations in both areas,
with the highest concentrations occuring near the storage
tanks. OOP is present over most of the site. It was detected
in 20 out of 25 wells analyzed for DOP. A generalized contour
map is shown in Figure IV-7.

N-Nitrosodiphenylamine and dioctyldiphenylamine are
distributed around the source areas in a similar fashion to
DOP, but they are less widespread over the site. Butyl benzyl
phthalate and di-n-butyl phthalate occurred in low to moderate
concentrations around the two source areas.

A comparison of concentrations over the course of this
study indicates that there is no clear-cut change in B/N
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concentrations over time. However, certain materials such as
di-n-butyl phthalate, and butyl benzyl phthalate have decreased
in concentration during the study.

Vertical Distribution of Base/Neutrals - There appears to
be some correlation between the type of subsurface material
and concentrations of base-neutrals, in particular, DOP.
Wells whose screens are set in the till generally seem to have
higher concentrations than the wells with screens set in the
sandy outwash material. The nested well data show mixed
results. GW-17S and GW-17D indicate that DOP is traveling in
the deeper layers. GW-19S and 19D show the opposite; but
since this area is a discharge zone, those results are not
anomalous. GW-22S and 22D also show B/N movement primarily in
the shallow zone.

The DOP concentrations generally seen in the deeper
layers may possibly be a residual from past activities. In
addition, the till generally has greater CEC values than does
the outwash material, indicative of a greater capacity to
adsorb contaminants. The sites for adsorption initially were
filled during recharge by highly contaminated water in the
past; less highly contaminated water now flowing through the .
till may be leaching contaminants from the adsorption sites.
However, investigation of the area around the northeast stor-
age tanks during the test pit work showed that the black
liquid containing the majority of the base/neutral compounds
primarily was contained in the unsaturated zone and at the
surface of the ground water. The apparent immiscibility of
the base/neutral compounds is supported somewhat by their
relatively low solubilities. Overall, the mechanisms result-
ing in the vertical distribution of DOP (and to a lesser
extent N-nitrosodiphenylamine) on the site are complicated.

Surface Water - Base/Neutrals
The base/neutrals that have been detected in the surface

water are DOP, N-nitrosodiphenylamine, and, in one sample,

IV-38



dioctyldiphenylamine. Monitoring of the surface water at the
Olin site indicates that discharge of B/Ns into the surface
water occurs primarily on the eastern side of the site. B/Ns
do not appear to be coming in from off-site to the north as
was the case with the volatiles. SS-16, which monitors the
East Ditch above the confluence, contained the highest concen-
trations of B/Ns: mid to upper range amounts of DOP, sometimes
moderate amounts of N-nitrosodiphenylamine, and sometimes
lower range amounts of dioctyldiphenylamine. Sources of the
high concentrations of DOP and N-nitrosodiphenylamine in the
East Ditch, shown by SS-16, are probably both leakage from the
banks near the northeast storage tanks and from ground-water
contribution. The spring in the East Ditch (SS-2) contributes
lower range concentrations of DOP. SS-12, which monitors flow
from the West Ditch and the area to the west of the site,
contained no B/Ns at detectable levels, while the process-water
outflow (SS-11) contained very low concentrations of DOP, just
at the detection limit. South Ditch complex inflow (SS-5) to
the East Ditch contained low to moderate amounts of DOP which
decreased to below detectable limits in the last sampling
period.

Variations Over Time - The DOP and dioctyldiphenylamine
in the surface water have decreased somewhat over time. In
the last sampling period, SS-16 was the only sampling station
that showed any base/neutrals above the detection limit.
However, it is possible that SS-5 may continue to contain DOP
on an intermittent basis in the near future. At SS-16 DOP and
N-nitrosodiphenylamine typically appeared in moderate concen-
trations. However, a high concentration of DOP occurred in
May while N-nitrosodiphenylamine was below detection limits in
August.

Emissions - While most of the DOP and N-nitrosodiphenyl-
amine at SS-16 appears to be from the ground water, balances
of emissions with surface water discharge were complicated by
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the use of absorbent booms in the East Ditch for organic
recovery. Roughly 0.1 to 2.5 Ibs/day of DOP were calculated
to be emitted from the ground water, while 0.15 to 5.0 Ibs/day
were measured leaving the site. A typical value appeared to
have been 0.4 Ibs/day. In regard to N-nitrosodiphenylamine a
typical value leaving the site during the study appears to
have been 0.1 Ibs/day (as N-nitrosodiphenylamine).

Other Organic Analyses
Non-priority pollutant volatile and base/neutral analyses

were performed on samples taken during the 2nd quarter from
one ground-water sampling station, GW-5, and three surface
water stations, SS-2, SS-5 and SS-16. The analyses were
performed in order to delineate other organics present at the
Olin site. The data are in Appendix E.

There were no non-priority pollutant base/neutrals above
detection limits in GW-5. The only volatile that was detected
was acetone, at mid-range concentrations (0.05-0.2 mg/1).

Relative to the surface samples, the spring (SS-2) showed
three base-neutral compounds at lower range concentrations
(<0.05 mg/1). SS-5 contained no base/neutral compounds above
detection limits and had one volatile, acetone, at upper range
concentrations (>0.2 mg/1). SS-16 had four base/neutral
concentrations at lower range concentrations and ten volatile
compounds at lower to mid-range concentrations.

Comparing these results with previous analysis of non-
priority pollutants performed by Olin shows that only one
volatile compound was found in both samplings: 2, 4, 4 -
Trimethyl-1-pentene. No base-neutrals were repeated in both
periods. The source of the above materials is unknown.
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V. RECOMMENDED PLAN FOR REMEDIAL MEASURES

Materials of Possible Concern
As discussed in the previous chapter, the Olin site is

discharging variable quantities of three inorganic materials
(ammonia, chlorides and sulfates) and low quantities of two
organic priority pollutants (DOP and N-nitrosodiphenylamine).
All other inorganic and organic materials studied appear to be
of no concern.

The net ammonia discharge from the site was the lowest in
the most recent sampling period in December 1981. It was
measured at 81 Ibs/day versus 350 Ibs/day typically measured
earlier in the study. This is considered to be part of a
downward trend; without remedial actions sustained discharges
below 100 Ibs/day are not expected. Since the ammonia can
contribute to water quality problems downstream of the site,
this downward trend is encouraging. Additional actions appear
warranted to assure that the trend continues. Lagoon 1 has
already been renovated.

Similar to the ammonia, chloride discharges also were
measured at their lowest levels in December. Net chloride
discharges were 110 Ibs/day versus more typical discharges of
350 to 535 Ibs/day. While it is expected that this trend will
continue as a result of remedial measures for other materials,
it does not appear that even the typical chloride discharge
represents a significant water quality problem.

While sulfate levels also dropped in December, the decline
was not as much as with the ammonia or chlorides. While it is
expected that this trend will continue as a result of remedial
measures for other materials, even at typical values of 600 to
930 Ibs/day, it does not appear that even the typical net
sulfate discharges represent a significant water quality
problem.

MAUOOUM v-i
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Insofar as priority pollutant organics are concerned,
both DOP and N-nitrosodiphenylamine appear to be discharged at
a typical rate of 0.4 Ibs/day and 0.1 Ibs/day for DOP and
N-Nitrosodiphenylamine, respectively. Some additional action
may be warranted. Appropriate remedial measures will be
discussed below.

Sources of Materials Being Discharged
During the course of this evaluation two major source

areas of materials being discharged were clearly identified:
the lagoon area and related facilities; and the northeast
storage tank area including the spring. A third "area" sus-
pected to contribute is the underground piping.

The lagoons are believed to be leaking and contributing a
significant portion of the ammonia, chloride and sulfate
discharged from the site. Further, it appears that •gypsum
sludge has been generally deposited to the south of the lagoons
from past practices and it is believed that scouring of this
sludge may contribute to the high concentrations of sulfate in
the surface waters.

The spring (SS-2) near the northeast storage tank area
also is a secondary source of ammonia, chlorides and sulfates.
The cause for this spring is unclear, but is suspected to be
related to a piping leak of some type.

The major source of priority pollutant organics leaving
the site is the northeast storage tank area. Test pit work in
that area confirmed the general presence of organics believed
to be related to the materials oozing through the bank of the
East Ditch. Remedial actions have been implemented in this
area.

During the course of this investigation it was determined
that the effluent sewer discharging to the local sewerage
system was leaking in the vicinity of the northeast storage
tanks. This leakage is believed to have contributed mainly

MALGOUrt
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ammonia, chloride and sulfate to the ground water in that
area. This corroded sewer was replaced during the investiga-
tion as a remedial measure. However, it is possible that
others may also be leaking. Further, the influent sump to the
treatment works was found to be leaking. This was also
repaired during this study.

Remedial Measures
Any solution to a water contamination problem is complex.

If no imminent hazard is present, then a phased approach is
usually the most logical. Since no imminent hazard exists at
the Olin site, a phased approach will be discussed. Of the
inorganic and organic materials of possible concern discussed
above, ammonia is considered to be of somewhat greater concern
than the organics. The first phase of any remedial measures
program should address reductions of ammonia. Chlorides and
sulfates also are of some interest and are expected to be
related to reductions in ammonia. The second phase of the
program should address reductions in priority pollutant organ-
ics. The third phase would include monitoring to quantify the
improvements obtained by earlier phases.

Phase I - Ammonia and Other Inorganics
The lagoons are the primary area for application of

remedial measures for ammonia. As discussed earlier, the
lagoons are believed to be the largest single source of ammo-
nia. They also are a major source of sulfate and chloride,
and a minor source of organics. The primary remedial measure
in the lagoon area is excavation of sludge and replacing the
liners with a more secure liner system. This action was
completed for Lagoon 1 in December after the last sampling
field trip. As a part of the lagoon liner replacement, ground
water was pumped to dewater the lagoon for about two months.
Improvements in water quality which have been observed recently
may in part be a result of this dewatering action. Removing
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the sludge and replacing the liner in Lagoon 2 should further
reduce the concentrations of ammmonia, sulfate, and chloride
in the area around the lagoons and eventually in the surface
waters. It is our understanding that Olin has scheduled
repair of Lagoon 2 for this year (1982).

The new lagoon liner system consists of 12 inches of sand
overlain by a 36 mil reinforced hypalon liner overlain by 12
inches of sand, filter fabric and 12 inches of gravel. This
system represents a dramatic improvement in the ability to
prevent future breaches in the liner. During the summer
shutdown in 1981 a thorough inspection of the influent sump
and on-site treatment facilities was made by Olin. The repairs
discussed earlier are expected to reduce losses of inorganics.

A third action already completed was the replacement of
the effluent sewer discussed earlier. This leakage not only
discharged inorganics to the ground water near the East Ditch,
but also probably increased the seepage rate through the bank
of the ditch. It was recommended that an investigation of all
underground piping be initiated to determine whether any other
pipes are leaking. It is our understanding that a sewer
inspection program has been implemented. Also, it is hoped
that a point of origin for the spring (SS-2) could be found.
Investigations to date have failed to locate anything which
would serve as a source of head to drive water (and associated
materials) upward into the East Ditch.

Another action worth considering is the relocation of the
non-contact cooling water discharge to the East Ditch. This
relocation might reduce hydraulic heads slightly on the western
side of the site and also would reduce flows through the South
Ditch complex.
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Phase II - Orqanics
Discharge of both organic and inorganic chemicals from

the site, especially into the East Ditch, can be decreased by
remedial measures in the storage tank area. Initially, many
different approaches were considered in order to reduce conta-
mination associated with the storage tanks. However, supple-
mental test pit investigations help to narrow the list of
possible actions by indicating that: 1) contaminated soil is
more widely spread toward the plant than assumed in initial
remedial calculations, 2) the area under the tanks is essen-
tially lined by an impervious spilled resinous material,
3) the majority of the contamination is concentrated just
above the water table and in the capillary zone (8 to 10 feet
below grade). Hence, installation of an impermeable cap
around and under the tanks was excluded because the .area under
the tanks is essentially lined by impervious spilled resinous
material. Second, minimum (shallow) excavations around and
under the tanks was eliminated because the zone of high concen-
tration of organics in the soil was found too extensive to be
'removed by minimum excavation.

Measures considered included recovery wells, interception
ditch, slurry wall around the area, detergent application and
microbial degradation. Of these measures, detergent applica-
tion, recovery, and disposal was eliminated because this would
require extensive and costly feasibility studies both before
and during the treatment process. Even in a well conducted
cleanup, detergents may be difficult to control and may cause
legal problems. Microbiological degradation was also rejected.
Like detergent application, recovery, and disposal, microbio-
logical degradation is a difficult process to control; it may
also create unknown by-products and may be very costly. Of
the three remaining techniques, a multiple recovery well
system or an interception ditch with a recovery pump are
fairly equivalent in effectiveness. Both approaches represent
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a positive action, but potentially a long-term commitment to
remove materials from the ground water. While some organics
may pass by either system, over the long term the discharge of
organics will abate. It is anticipated that the recovered
water would be discharged to the public sewerage system after
decanting any organic layer generated.

Alternatively, the slurry wall approach represents an
effort to contain the organics in place. This passive approach
results in near-term discharge reductions, but retains the
undesired potential for organic discharge at some time in the
future. It is also more costly than a recovery well system or
interception ditch. Considering the nature of the organics
being discharged and all other factors, serious consideration
was given to implementation of either a multiple recovery well
system or an interception ditch. It is our understanding that
Olin has implemented a multiple well recovery system.

Because contaminants which have accumulated in and on the
banks of the East ditch represent a substantial source of
contaminants which may be readily transported off the site by
stream flow, removal of this material is deemed an essential
remedial measure. During excavation, a series of sorbent
booms and pillows should be installed downstream along the
drainage ditch. Heavily contaminated sediment excavated from
the channel (estimated at about 5 cubic yards, 20 drums)
should be drummed and sent off-site. The remainder of the
excavated material should be spoiled in front of the storage
tanks. The excavated area should be filled with a clean
coarse granular material.

The remedial measures described above should decrease the
concentration of materials in the zone of organic ooze along
the railroad on the eastern embankment.

Phase III - Monitoring
The measures proposed above should reduce the discharge

of materials from the Olin site. However, further monitoring
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of the ground and surface water should be done to document the
efficiency of the remedial measures implemented and to deter-
mine if any further action appears warranted.

The following schedule shows the suggested ground-water
and surface water monitoring program for 1982 and 1983. The
program should be implemented about 3 months after the removal
of the sludge of Lagoon 2. The following tasks should be
performed; all of these tasks would be subject to modification
in scope based on previous results.

1. Ground-Water Levels; Water levels should be taken
in all wells to monitor the ground-water flow and to observe
any decreases in mounding around the lagoons.

2. Surface Water Flows; Surface water flows should be
measured in the surface sampling stations listed in the schedule

3. Chemical Analyses; The chemical analyses performed
during each period should consist of the following parameters.
The sampling stations and specific analyses to be performed
for each period are listed in the schedule.

Inorganics; Chloride (Cl)
Sulfate (S04)
Ammonia (NH3)
Specific conductance (S.C.)
PH
Chromium +3 (Cr )

Organics: DOP
N-nitrosodiphenylamine (N-N)

Monitoring Schedules - Two sampling periods, approximately
6 months apart, are recommended for 1982. Table V-l shows the
list of activities. Table V-2 shows the list of activities
for the one recommended sampling period in 1983.

MAUDOUVi v'7
PIRNIE



*
*
*
*
*

*
*
*
*
*

*
*
*
*
*

*
*
*
*
*

*
*
*
*
*

TABLE V-l

1982 MONITORING SCHEDULE

Ground-Water Inorqanics Orqanics
Levels Cl Sp^ NH3 S.C. gH Cr POP N-N

GW-1 * * * ' * * *
GW-2A * * * * * * * *
GW-3 *
GW-4 * • * * * * *
GW-5 *
GW-6 *
GW-7 *
GW-8 *
GW-10 *
GW-11 *
GW-12 *
GW-13 * * * * * *
GW-14 *
GW-15 * * * * * *
GW-16 *
GW-17S *
GW-17D * * * * * *
GW-18S *
GW-18D *
GW-19S * * * * * *
GW-19D * * * * * *
GW-20 *
GW-21 *
GW-22S * * * * * *
GW-22D * * * * * *
GW-23 *
GW-24 * * * * * *
GW-25 * * * * * *
GW-26 * * * * * *

SURFACE WATER

Inorganics

SS-1
SS-2
SS-5
SS-11
SS-12
SS-1 6

Flow Measureaents

*
*
*
*
*
*

Cl

*

*

*
*

so.
•I

*

*

*
*

5W3~̂J
*

*

*

*

S.C.

*

*

*
*

pH

*

*

*
*

+3
Cr

*

Orqanics
OOP N-N

*

*
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TABLE V-2

1983 MONITORING SCHEDULE
GROUND WATER

Ground-Water Inorganics Organics
Measurements Cl SO^ Nil, S.C. gH POP N-N

* * * * *

* * * *

* * * * *

* * * * *

* * *

* * *

GW-1
GW-2A
GW-3
GW-4
GW-5
GW-6
GW-7
GW-8
GW-10
GW-11
GW-12
GW-13
GW-14
GW-1 5
GW-1 6
GW-17S
GW-17D
GW-1 8S
GW-18D
GW-19S
GW-19D
GW-20
GW-21
GW-22S
GW-22D
GW-23
GW-24
GW-2S
GW-26

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

*
*

*
*
*
*
*
*
*

* *
* *

* *
* *

SURFACE WATER

Flow Inorganics Organics
Measurements Cl SO. NH, S.C. pH OOP

SS-1 * * * * *
SS-5 * * * * *
SS-12 * * * * *
SS-16 * * * * *
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APPENDIX A

SOIL BORING AND MONITORING WELL INSTALLATION

The drilling work was done by Soil Exploration Corpora-
tion, of Stow, Massachusetts. In six of the wells, soil
borings were performed first, using a 2H inch hollow stem
auger down to bedrock, sampling with a two-inch split spoon.
All sampling was performed according to ASTM D 1586-67 speci-
fications. Four to ten feet of bedrock were then cored using
NX core. After coring, the bedrock core hole was backfilled
with a cement-bentonite slurry. In the four shallow wells,
each boring was augered down without sampling to the level at
which the well point would be set. A monitoring well was then
installed in each of the borings.

The monitoring wells are constructed as follows-. Two-inch
Schedule 80 flush-jointed, vented PVC pipe with a five foot,
0.01 inch machine-slotted screen was used. The area around
the screen was backfilled to at least one foot above the
screen with a uniform medium sand. The well was then grouted
to the surface with a cement-bentonite slurry. A five-foot
long, six-inch diameter protective steel casing with a locking
cap, set into a concrete collar, was then placed around each
well.

The recovery well was constructed of 12-inch diameter
PVC, perforated with H-iach holes every foot. After excava-
tion with a backhoe, two inches of gravel was placed on the
bottom of the hole. The well was set on this gravel layer,
then backfilled with additional gravel. A cover and a grating
were placed over the well head.

GW-2 was replaced with a six-inch diameter Schedule 80
well with a five foot, 0.01 slot, machine-slotted screen,
after the area was excavated with a backhoe. The area around
the screen was backfilled with clean sand, then grouted near
the surface. A concrete collar was installed around the well
head.
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The well is constructed of four-inch diameter steel
casing with a five-foot 1̂ -inch drive point. A small area was
excavated with a backhoe, then the well was driven into the
bottom of the pit and backfilled with the excavated material.
The well head is capped.

The drive point wells were made of 1*5-inch galvanized
steel with five-foot aluminum wrapped screens. The wells were
driven in using a jack hammer, then capped with a screw cap.
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BORING GW-17D

PROJECT: oi in-Willing ton PROJECT NO : 284-10 -1EOO

DATE: r,/-,/8l LOCATION- Wilminaton. MA

DRILLING CONTRACTOR: <,nil Exoloration INSPECTOR: CA Xraeiner

DRILLING METHOD: ^n hollow stem SAMPLING METHOD: 2 ,, 3olit gpoon

auaers 300 Ib. hammer with 24" drop
ELEVATION: DATUM: ' "

SAMrLE

no.
<?-!

<Z-?

S-3

S-4

S-5

deoth
Q' -2 '

9 '-4'

4 ' -6 '

6'-8'

8'-9.5 '

blows
per 6"
1
1
7

1,5
9

19
25
15
70

0
0

11
12
15

-
20
10
100i

•

D
E

PT
H

5

10

15

2.0

25

30

35

ST
R

A
TA SOIL DESCRIPTION

density, color, SOIL, admixtures,
moisture, other notes, ORIGIN

very loose, brown, PEAT,
little sand, wet
medium dense, brown, SILT
and fine SAND, trace clay,
wet

Dense, brown-gray, fine to
coarse SAND, little silt,
trace gravel, wet
very dense , gray /brown , SAND ,
some silts, some gravel, wet,
GLACIAL TILL

Top or ROCK , u . u reet
Run 1 13.0 '-13.0', run 5.0
feet, recover 4.8 feet, 96%
recovery

Run 2 18.0 ' -23.0 ' , run 5.0
feet, recover 3.5, 70%
recovery

Bottom of boring, 23.0 feet

•J %
i8

-

REMARKS

::OTES: Monitoring well installed. Cement-bentonite slurry from 13.0 to
2 ^ . f ) ' . Tip of 5.0 foot 0.010-inch machine slotted well screen set at 12

F.-.O+- anr? 'naoVr-f i 1 1 &A with uniform medium <sand to 7.3 feet. fp-Tnent-benton
«?1nrry from 7.D f»et to ground surface. 5-foot long 6-inch diameter prot
tive steel sleeve, with lockina cao . olaced on too.

SHEET 1 OF
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BORING GW-17S

PROJECT: n-| tn_WLlTnino-ton

DATE: 3/4/81

DRILLING CONTRACTOR: Sni1 Fxoloration

DRILLING METHOD: 2j,n hollow atam-

auaers
ELEVATION:

SAMPLE

no. death
blows
oer 6"

•u

aa

5

10

15

20

25

30

35

ST
R

A
T

A

PROJECT NO: 284-10-1 EDO

LOCATION- wiiminoton. MA

INSPECTOR: CA Kraemer

SAMPLING METHOD : None taken

DATUM:

SOIL DESCRIPTION
density, color, SOIL, admixtures.
moisture,

Bottom of

iroTES: Monitor inquwe 11 installed. Tip

other notes, ORIGIN

e*

1 i
TJ_0

—

—

of 5.0 foot 0.010-inch

REMARKS

<

machine slotte
well screen set at 8.0 feet and backfilled with medium uniform sand
to 2.0 feet. Cement-bentonite slurrv from 2.0 feet to around surface
5-foot lono; 6-inch diameter protective steel sleeve, with lockina cap
placed on top.
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BORING GW-13D

PROJECT: oiin-Wilmington

DATE: 2/24/31

DRILLING CONTRACTOR: Soil Exploration

DRILLING METHOD: 2%" hollOW Stem

augers
ELEVATION:

SAMPLE

no.
S-l

S-2

S-3

S-4

S-5

S-6

death
0 ' -2 '

2 ' - 4 '

4 ' -5 '

6 '-8'

8 f-10'

ll'-13'

blows
oer 6"
1

L2
20
15

12
21
30
20
11
50

0

15
20
31

24
22
28
20
30
40

D
E

PT
H

5

10

15

20

25

30

35

ST
R

A
T

A

PROJECT NO: 284-10 -1EOO

LOCATION- Wilmington, MA

INSPECTOR: CA Kraemer

SAMPLING METHOD: 2" split Spoon

300 Ib. hammer with 24" drop
DATUM:

SOIL DESCRIPTION
density, color, SOIL, admixtures,
moisture,
Very loos
SAND, mo:
Very dens
gravel , :

Very den*
some gra:
GLACIAL '

Top of ]
Run 1 :
run 5.(
feet 7(

Run 2 2C.
-foot Rec
recovery

Bottom ol

other notes, ORIGIN
se, brown, PEAT and
LSt
se , tan SAND , some
some silt, moist

se , brown/gray , SAND
/el, some silt, wet,
CILL

rock, 19.9 feet
20.0 to 25.0 feet,
} feet recover 3 . 5
)% recovery

5.0 '-26.0' , Run 1.0

f

: boring, 26.0 feet

&
J 55
Ea R•* u

-

U^B

REMARKS

t

IIOTES : Monitoring well i istalle-^ . Cement— bentonite slurry from 2 0 . 0 * to
26 fl ' Tip of 5 0 foot 0. 010— inch machine slotted well ^cr^en set st

slurrv from 10.0 feet to around surface. 5-foot lonq 6-inch diameter
protective steel sleeve, with locking cap, placed on top.
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BORING GW-laS

PROJECT: n l . n_M . 1 m . n g + . n n PROJECT NO: 9fl 4-1 0-1 PD D

DATE: 9 / ^ / r t T LOCATIO%i Imi n^on . MA

DRILLING CONTRACTOR: ,.„., ^vpTnT-s^ ion INSPECTOR: ra Kra^tn^r

DRILLING METHOD: 7J<I, hrl11nw ,,+.„„, SAMPLING METHOD: None taken

singers

ELEVATION :

SAMPLE

no. death
blows
per 6"

1

D
E

PT
H

5

10

15

20

25

30

35

DATUM:

ST
R

A
T

A SOIL DESCRIPTION
densitv, color, SOIL, admixtures,
moisture, other notes, ORIGIN

E-'

3|^ 8

—

REMARKS

*

::OTES: Monitorina well installed. Tip of 5.0 foot 0.010-inch machine slot
well screen set at 10.0 feet and backfilled with medium uniform sand
to 3.0 feet. Cement-bentonite slurrv from 3.0 feet to around surface
5-foot long 6-inch diameter protective steel sleeve, with lockina cat
placed on top.

SHEET 1 OF



BORING GW-19D
Iff

PROJECT :Qlin-Wilmington PROJECT NO: 284-10-1EOO

DATE: 2/9/81 LOCATION- Wilmington, MA
DRILLING CONTRACTOR: soil Exploration INSPECTOR.: CA Kraemer

DRILLING METHOD: 2V' hollow Stem SAMPLING METHOD: 2" split Spoon

augers 300 Ib. hammer with 24" drop
ELEVATION: . DATUM:

SAMPLE

no.

S-l

S-2

S-3
S-4

S-5

S-6
S-7

S-8

death

2 '-4'

4'-6'

6'-7.5'
7.5'-9.0'

9 '-10'

11 '-12. 5'
12.5'-13.3

14 '-14. 3'

blows
oer 6"

1
0
1
0
1
2
2
3

12
35

100/j
30
100/1

0
0
0
0
1
2

12
100

25
15
.3'

.3'

D
E

PT
H

5

10

15

20

25

30

35

ST
R

A
T

A SOIL DESCRIPTION
density, color, SOIL, admixtures,
moisture, other notes, ORIGIN
Dense, brown, SILT and SAND, little
gravel, frozen, FILL
Very loose, light gray, SILT, wet,
GYPSUM SLUDGE

Very loose, brown, SILT and SAND,
some organics, wet

Grading to little gravel
Very dense brown/gray, SAND and
gravel, little silt, wet, GLACIAL
TILL

Boulder 15 '-16.1'
Boulder, 16.5'-17.1' and 17.1'-
17.3'

Boulder 18'-18.3' and 19.3'-19.9'
Top of rock 20.0 feet
Run 1 20.0'-23.0' run 3.0 feet
Recover 2.0 feet, 67% recovery

Run 2 23.0 '-24. 3' Run 1.3 feet
Recover U.U teet OX recovery
(Core barrel broke)

Bottom of boring 24.3 feet

j §

—
—

—

REMARKS

:;OTES: Monitoring well installed. Cement-bentonite slurry from 2 0 . 0 ' to
2 4 . 3 ' . Tip of 5.0 foot 0.010-inch machine slotted well screen set at

19.7 feet and backfilled with medium uniform sand to 10.0 feet. Cement
bentonite slurrv from 10.0 feet to around surface. 5-foot long 6-inch
protective steel sleeve, with locking cap, placed on top.

1)
SHEET 1 OF |



BORING GW-19S

PROJECT: n -Mn-Wilmington PROJECT NO: 284-10-lEOO

DATE: 2/12/91 LOCATION: WilmlnatOn . IIA

DRILLING CONTRACTOR: q n H 1 perforation INSPECTOR: CAKraemer

DRILLING METHOD: 2i,n honow stem SAMPLING METHOD: None taken

auaers
ELEVATION: DATUM:

SAMPLE

no. decth
blows
oer 6" D

EP
TH

10

15

20

25

30

35

ST
R

A
T

A SOIL DESCRIPTION
density, color, SOIL, admixtures,
moisture, other notes, ORIGIN

e^
J W
So

—

REMARKS

-

I'OTES : '.Ion itor ina W^ 11 install pd Tin of ^ 0 f oof" C\ n l f l — inr 'h maoHino <=1i-i+-
u& 1 1 «5rlT3*»r\ Q^t- 3+" 10' 0 ff*f>i" anH ns r 'V 'F i l l p r l t j i -hh n^n i nm 11 n i fn-^m <sa--^r^
•l-o ~) ^ fo +• Pa •»• ' •(- ' -I- 1 T - r f o " ? " " f - ( - t-i-i n^ T--P

^ — foot" lonrr fi — 1 nr"'n f?i^TTlf»+'f t l" nTOl-or't' I TTO Q'h Ae 1 «1 <aorrc» Tj i t -h Im- 'V- inr r .^ a •,

2lar i(aH on •t-on.
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BORING GW-20

PROJECT: oiin-Wilminaton

DATE: 2/26/81

DRILLING CONTRACTOR: Soil Exploration

DRILLING METHOD: 2j,,, hollow stem

auaers
ELEVATION:

SAMrLE

nc.
C 1

S 1

S-3

death

0 ' -2 *

2 '-4'

4'-5.5'

blows
oer 6"

•^ .
4
2.5
17
10
40

n
12
2J
15
18

D
E

PT
H

5

10

15

20

25

30

35

.S
TR

A
TA

PROJECT NO: 284-10-1EOO

LOCATION- Wilminaton. MA

INSPECTOR: CA Rraemer

SAMPLING METHOD: 2" split SPOOn

300 Ib. hammer with 24" drop
DATUM:

SOIL DESCRIPTION
density , color, SOIL, admixtures,
moisture. other notes, CPIGIN

Top soil and roots, 0.0 '-1.0 feet
Medium dense, brown, SAND, some
gravel, trace silt, moist Grading
to dense, SAND and GRAVEL trace
silt

Very dense, gray /brown, SAND some
silt, some gravel, moist, GLACIAL
TILL

Top of Rock 15.0 feet
Run 1, 15.0'-16.5' Run 15. feet
Recover 1.0', 67% recovery
Run 2, 16.5'-21.5' Run 5.0' Recover
3.9' , 63% recovery

Bottom of boring 21.5 feet

c..

~ 2
a O•? o

^

REMARKS

t

;;oTES: Monitorina well installed. Cement-bentonite slurrv from 15.0' to
21.5' Tip of 5.0 foot 0.010-inch machine slotted well screen set at
14.7' feet and backfilled, with medium uniform sand to 3.0 feet. <~^nv
bentonite slurry from 8.0 feet to around surface. 5-foot lona 6 -inch
diameter protective steel sleeve , with locking cap, placed on top.

SHEET 1 OF |



BORING GW.21

PROJECT: 01 in-Wilmington
DATE: 3/5/81

DRILLING CONTRACTOR: Soil Exploration

DRILLING METHOD: 2*5" hollow Stem

augers
ELEVATION:

SAMPLE

no.

S— 1

S-2

0_7

death
n i _ 2 «

T 1 _j 1

i . '_A'

blows
oer 6"

i
n
c;

S
q
1 7

Q

n
£
fi

1 1
1 1

D
E

PT
H

5

10

15

20

25

30

35

ST
R

A
T

A

PROJECT NO: 284-10-1EOO

LOCATION- Wilmington, MA

INSPECTOR: CA Kraemer

SAMPLING METHOD: 2" split spoon

300 Ib. hammer with 24" drop
DATUM :

SOIL DESCRIPTION
density, color, SOIL, admixtures.
moisture, other notes, ORIGIN

Very loose, dark brown, PEAT,
little sand, wet
Medium dense, brown, SAND, trace
silt, wet
Dense, brown/gray SAND, some SILT,
some gravel, moist GLACIAL TILL

Top of Rock 15.0 feet
Run 1, 15.0'-17.5' Run 2.5' Recover
2.5' , 100% recovery
Run 2, 17.5'-20.0' recover 2.0'
80% recovery

Bottom boring, 20.0 feet

I'CTES : Monitorino well i n s t a l l ed Pern*
2 0 . 0 ' TiP of 5.0 foot 0.010-inch

£-'
j £5

—

REMARKS

a n ^ — Hon+-or»i -ho cl TTpr*r f t-r^rrt- 1 ^ - H ' h r^i

machine slotted LI i tie we l l ej^rfifan cot-
at 14.5' feet and backfilled witji un i fo rm m e d i u m etanH t-/i 4 D fao-t-
Cement-bentonite slurrv from 4.0 feet to erronnd ^tir-fafe* S — font- I n n e r

inch protective steel sleeve, with locking can. plared nn tnp.

SHEET 1 OF



BORING GW-22D

PROJECT: oiin-wilminaton

DATE: 3/4/81

DRILLING CONTRACTOR: Soj_l Exploration

DRILLING METHOD: 2V1 hollow Stem

auqers
ELEVATION:

SAMPLE

no.
S-l

S-2

S-3

S-4

S-5

S-6

S-7

S-8

death
0'-2'

2 '-4'

4'-6'

6'-8'

8'-10'

10'-12'

12 '-14'

14 '-16'

blows
oer 6"
1
5
6
4
3
7
8

14
8
14
13"
ia
14
25
24
l£

2
6
5

4
2
3
9

28
9
28
26
21
21
26
23
19

D
EP

TH

5

10

15

20

25

30

35

ST
R

A
T

A

PROJECT NO: 284-10-lEOO

LOCATION? Wilmington, MA

INSPECTOR: CA Kraemer

SAMPLING METHOD: 2" Split SpOOn

300 Ib. hammer with 24" drop
DATUM :

SOIL DESCRIPTION
density, color, SOIL, admixtures.
moisture,

Loose, bro
wet, MISCE
contains c
strips, an

Dense brow
gravel, 11

Dense gra
some grav

Top of
Bottom of

:;OTE5 : Monitor ina well installed. Tip

other notes, ORIGIN

wn, SAND, trace silt,
LLANEOUS FILL (also
onstruction lumber, metal
d chemical products)

n, fine SAND, little
ttle silt, wet

y /brown, SAND, some silt,
el, moist, GLACIAL TILL

Rock 36.0 feet

j <S
g o

_

_

REMARKS

1

of 5.0 foot 0.010-inch machine slot-
well screen set at 35.0 feet and backfilled with uniform medium sand
to 15.0 feet. Cement— bentonite slurry from 1S.O feet to ground snrfap
5 — foot loner 6— inch diameter protective steel sleeve, with locking caj
placed on top.

PIS SHEET 1 OF |



BORING GW-22S

PROJECT: oiin-wilminaton

DATE: 3/5/31

DRILLING CONTRACTOR: goil Exploration

DRILLING METHOD: 2V hollow Stem

augers
ELEVATION:

SAMPLE

no. denth
blows
ner 6" D

E
PT

H
5

10

15

20

25

30

35

ST
R

A
T

A

PROJECT NO: 284-10-lEOO

LOCATION- wiiminaton, MA

INSPECTOR.- CA Kraemer

SAMPLING METHOD: None taken

DATUM :

SOIL DESCRIPTION
densitv, color, SOIL, admixtures,
moisture. other notes, ORIGIN

Bottom of boring 15.0 feet

Tt U

-

REMARKS

i

•JOTES: Monitoring well installed. Tip of 5.0 foot 0.010-inch machine slot
well screen set at 15,0 feet and backfilled with medium uniform sand
to 8.0 feet. Cement— bentonite slurry from 8.0 feet to ground sn r f^ fp
5-foot long 6-inch diameter protective steel sleeve, with locking caj
Placed on top.

SHEET 1 OF



APPENDIX E

LABORATORY SOIL TEST PROCEDURES



OLIN, WILMINGTON

SUMMARY OF SOILS LABORATORY TEST RESULTS

Boring
No.

GW-17D

GW-17D

GW-18D

GW-18D

GW-18D

GW-19D

GW-20

GW-21

GW-22D

GW-22D

GW-22D

Sample
No.

S-2

S-4

S-2

S-4

S-6

S-6

S-2

S-2

S-3

S-6

S-7

Depth

2

6

2

6

11

11

2

2

4

10

12

1.41

• -8'

'-4'

'-8'

'-13'

'-12.5'

'-4'

'-4'

'-6'

'-12'

'-14'

Moisture
Content

14

8

9

10

9

10

10

24

20

12

10

PH

5

6

4

5

6

5

4

4

7

6

6

.2

.7

.9

.2

.7

.7

.7

.3

.5

.9

.3

Cation
Exchange
Capacity
(meg/lOOg)

5

22

28

21

22

18

8

13

7

5

7

.2

.7

.2

.5

.8

.6

.8

.5

.1

.1

.2

Soil

SAND,

SAND,

SAND,

SAND,

SAND,

SAND

SAND,

SAND,

SAND,

SAND,

SAND,

Description

little silt, trace gravel

some silt, some gravel, SM ,

some gravel, some silt, SM

some gravel, some silt, TILL

some silt, some gravel, SM ,

and GRAVEL, little silt, SM1,

<
TILL

TILL

TILL

some gravel, trace silt, SM-SP

trace silt, SM-SP1

trace silt, SP1

little silt, little gravel.

some silt, some gravel, TILL

(

SM1

1 Unified Soil Classification System



APPENDIX B

LABORATORY SOIL TEST PROCEDURES

1. Moisture Content: ASTM D 2216-71

2. Grain-size distribution: ASTM D 422-63

3. pH: Glass electrode pH meter

4. CEC: Sodium extraction method

B-2



I I I I

GRAIN SIZE CURVE

U S. STANDARD SIEVE OPENINO IN INCHES US. STANDARD SIEVE NUNIERS HYDRONETER

3 2 1 1 / 2 1 3/4 1/2 3/1 1/4 4 8 110 1416 20 30 40 50 70 100 140 200
tnn _ -« • -

CO

ea

UJ

u.
^—
UJ
CJ

UJ
0.

Ail

BO

70

&o •

40

30

10

100

UNIFIED SOIL
CLASSIFICATION

USOA

^

MAL

i

i

V\
;

V
s

*si
\
\
\

N^
^

s
S

^

- - -

i

x
^

-

X
^ ,

1 1 I 1

*v
c
^

*2

—

"̂ "̂ 2
"*^-, :

"*• -
V .

*~ — ~-SL

0

10

20

»—
30 =

UJ

oc
UJ

50 |

ti

60 x
UJ
u
oe
UJ

70 °-

80

inn

BO 10 & 1 0.5 O.I 0.05 0.01 0.005 0.001

GRAIN SIZES IN MIUIMETEIS

81AVEL
Cain* Fini

SAND

Ctirii HtdluB Fin*
SILT OR CLAV

BRAVEL
SAND

V.f»
Com*

0*1(1 N.diu.

Olin-Wilmington
284-10-1EOO
GW-17

COLM PIRNIE INC. s_4

Fiat Kny
Flat

SILT CLAV
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GRAIN SIZE CURVE
US STANDARD SIEVE OPENINI IN INCHES US. STANDARD SIEVE NUNDERS NYORONETER

3 2 | | / 2 I 3/4 1/2 3/1 1/4 4 1 1 10 14 ID 20 30 40 50 70 100 140 200

to
oc
UJ

u-

»—

S
oc
UJ
a.

00

70

40

30

9(1

111

u
100

UNIFIED SOIL
CLASSIFICATION

USD*

1) MAL

i

\
\

i r
s

V

^
î
\

^

j

X^
^ t

^ s

-

-

s

-

oV
X

^

t j

-o
*
^

1

3
T5 s

^
rf
U

-— .
^7

BO ID S 1 0.5 O.I 0.05 0.01 0.005

GRAIN SIZES IN MILLIMETERS

•RAVEL
Ctpis* | Fin*

SAND

C**u* MtdlM Fin*

•RAVEL

2_
0 DC

SILT OR CLAY

0

10

20

30 g

Ul

40 «
oc
Ul

50 2
0
o

60 x
UJ
CJ
oe
Ul

70 *•

RO

too
II

SAND

V*ry
Cant* Const Hidiua

Olin-Wilmington
284-10 -1EOO

COLM PIRNIE INC s"^8

Fina
V t f y
Fin*

SILT CLAY

%



GRAIN SIZE CURVE
US. STANDARD SIEVE OPENINO IN INCHES U.S. STANDARD SIEVE NUNIERS HVORONEIER

3 2 1 1 / 2 1 3/4 1/2 3/1 1/4 4 I 1 10 14 )• 20 30 40 SO TO |QQ 140 200

»—

5

B>

ac
UJ

u.

i
PC
UJ
o.

00

"

70 ~

SO ~

40

30

70 -

u
100

UNIFIED SOIL
CLASSIFICATION

USD*

1)
MAL

-

•

\

\
<

\
N

•̂
S

N

I

^ 1

X

rNQ

^Q

N
(i
»$s

"X^
^ ^>v^

V >.

-

V
•v

V *^ — .

60 10 6 1 0.6 O.I 0.06 0.01 0.006

MAIN SIZES IN MILLIMETERS

CJAVEL
Ctiist Flnt

SAND
Ctirit | Hidlua Flni

•RAVEL

=-iZ_
0.0)

SILT RR CLAY

0

10

20

30 S
UJ

40 £
oc
UJ

so «2

BO x
UJ
u
£

70 °-

•P

00

too
il

SAND

• •!» £
Canst aitit Ntdiua

Ol in- Wilmington
284-10 -1EOO
GW-18

COLM PIRNIE INC. 3-6

Flnt
f«iy
Flat

SILT CLAV

-
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GRAIN SIZE CURVE

U S STANDARD SIEVE OPENIN8 IN INCHES US. STANDARD SIEVE NUMRERS HYDRONETER

3 2 1 1 / 2 1 3/4 1/2 3/R 1 /44 • 1 10 14 IB 20 30 40 SO 10 100 140 200

i —
ac
CO

UJ

U.

UJ

oc
UJ
0.

80

70

00

50

40

30

10

0
100

UNIFIED SOIL
CLASSIFICATION

1)

USDA

MALC

-

*\

•

1

\

\
\

I

s
s

>k
S

I

\r

X^
«

i i i

S -

-

s

-

.

Q

\

I

0
\

x^
^^

1 1 R 1

' 7
0

I

f|
V

---
v~ -\

-

J - V ~ -̂ 7

SO 10 5 1 0.5 O.I 0.05 0.01 0.005 O .OC

CHAIN SIZES IN yiUIMETEIS

•RAVEL

Ctiru | Fin*

SAND

Cttlii MtdluM | Fin*

ORAVEL

SAND

Viry .
Const

iotut HiiliuH

Olin-Wilmington

284-10 -1EOO

:OLM PIRNIE INC G W - 1 9
S-6

SILT OR CLAY

0

10

20

30 =|

UJ

40 ^
ac
UJ

50 y
o

00 x
UJ
C-3
OC
UJ

70 *•

00

00

100

II

Fiat
Fiat

SILT CLAY

-



I I I I I I

ac
CD

(0

ac.
UJ

U-

35
CJ
DC
UJ

GRAIN SIZE CURVE

US. STANDARD SIEVE OPENIN8 IN INCHES U.S. STANDARD SIEVE NUNIERS HYDROMETER

3 2 | | / 2 l 3/4 1/2 a/R 1/4 4 • R 10 14 16 20 30 40 SO 70 100 140 200

flQ

80 •

70

50 "

40

30

an

IU

100

UNIFIED SOIL
CLASSIFICATION

USDA

f)
MM.

-

•*s
1

•

3

X

• i t i

.
V

s 1
'X

1

s

1 1

3

\
\
\

\

1 1 1

:
\

S

-

\

-

O

—

^

X^

i i

V<XS^
.

-9

-

-

0

i

V
-^

V- J "~ -V

0

10

20

30 ta

UJ

40 B

UJ

SO S
Q
CJ

60 £
UJ

ae
Ul

70 °-

80

80

inn

80 10 5 1 O.S O.I 0.06 0.01 O.OOS 0.001

GRAIN SIZES IN MILLIMETEIS

8RAVEL
Cgais* | Fin*

SAND I
C»n$« | HtdluB Fin* |

SILT OR CLAV

ORAVEL
SANO

Vny
C*n«* 'Soars* H«diua Fin*

V e r y
Fin*

SILT CLAV

Olin-Wilmington
284-10 -1EOO
GW-20

COLM PIRNIE INC S-2



i
oa
ac
UJ

u.

UJ

ae
UJ
a.

U.S.

100 r-

90

60

70

OU

40 .

30

?n

ID

u —
100

UNIFIED SOIL
CLASSIFICATION

USOA

^) MAL

GRAIN SIZE CURVE

STANDARD SIEVE OPENINO IN INCHES U.S. STANDARD SIEVE NUNRERS HYDROMETER

3 2 1 1 / 2 1 3/4 1/2 3/1 1/4 4 • (10 1411 20 30 40 50 70 100 140200
r

i

1

>
s s

1

\

\\

\

\

\

9

k
\

i i

\
9
\
V\

^n
f>

>

i

k.
•V- V s. — */

50 10 5 1 0.5 O.I 0.05 0.01 0.005 O.OC

GRAIN SIZES IN MILLIHETEIS

•RAVEL
Cgpnt 1 Fin*

SAND |
Ci»(«i *»dlum \ Flat |

SILT OR CLAY

0

10

20

30 =g

UJ

40 s
ac
UJ

50 2

60 3K
UJ
u

70 °-

•0

•0

100

II

•RAVEL
SAND

V.,,
Coftist oirtt H*dlu> Flnt

Vtry
Fini

SILT CLAY

Olin Wilmington
284-10-1EOO

G W - 2 1
COLM PIRNIE INC. s_2



GRAIN SIZE CURVE

U.S. STANDARD SIEVE OfENINR IN INCNES U.S. STANDARD SIEVE NUNRERS HYDROMETER

3 2 1 1 / 2 1 3/4 1/2 3/1 1/4 4 R RIO 1411 20 30 40 50 70 100 140 200

1—

g

£

ee
UJ

u.

t—
UJ
u
oc
UJa.
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f 0
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50

40 -

30

10

u
100

UNIFIED SOIL
CLASSIFICATION

USD*

f)
MAL

i

•

n

i

I

-.

\ vfl\\\\\

\4̂ri

i

V\4H
\

1 1 1 !

^ ;

1

1

D
i

-— . *— ' •_
— — s. s J

-

f -\ (

10

20

30 S

UJ

40 n
ac
UJ

50 «

o

BO x
UJ
o
£

10 °-

•0

i An

00 10 S 1 0.5 O.I 0.05 0.01 0.005 0.001

GlAlH SIZES IN ilLLIiETERS

RRAVEj.

CitKi | Flni
SAND

G!«I*! Midlu* |

RRAVEL
SAND

Vtiy
Cent! Coir*« N!dlu«

Olin Wilmington

284-10-1EOO

G W - 2 2
COLM PIRNIE INC. s_3

Flnl
SILT DR CLAY

Fin. 1 V"»P|M 1 Fin!
SILT CLAY

-



GRAIN SIZE CURVE

100

80

•0

i 70

»- 60

oc
UJ
x SO
u.

S 40
ca
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UJ
0.

30

20

10
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0 U-li
100
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CLASSIFICATION
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00
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10 1 0.5 O.I
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O.OS 0.01 O.OOS

IRAVEL
Coir"
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SAND
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Olin-Wilmington
284-10-1EOO
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APPENDIX B

LABORATORY SOIL TEST PROCEDURES



TABLE B-l

HYDRAULIC CONDUCTIVITIES OF SOILS BENEATH THE OLIN SITE

WELL HYDRAULIC CONDUCTIVITY. CM/SEC SOIL TYPE

GW-1 2 X 10"2 till

GW-2 9 x 10"3 sand and till

GW-3 2 x 10"4 sand and till

GW-4 5 x 10~4 till

GW-5 6 x 10"3 till

GW-6 1 x 10"4 sand and till

GW-7 2 x 10"4 till

GW-8 2 x 10"2 till, "little sand

GW-10 1 x lo"2 sand and till

GW-11 5 x 10"4 sand

GW-12 4 x 10"3 sand, little till

B-ll



APPENDIX C

INORGANIC CHEMICAL ANALYSES-GROUND WATER



APPENDIX C

PHYSIOCHEMICAL MEASUREMENTS

pH was measured using a Universal Interloc pH meter. The
pH was measured from a sample of fresh well water (after well
evacuation) or surface water. The pH meter was standardized
after every third pH reading with pH 4 standard solution and
pH 10 standard solution.

Disolved oxygen was measured in milligrams per liter
(mg/1) with a Yellow Springs dissolved oxygen-temperature
meter. The D.O. probe was placed in the well after well
evacuation or below the stream surface for measurement.
Standardization of the probe was performed after every third
measurement, following the standardization procedure on the
D.O. meter. The D.O. membrane on the probe was replaced
before each sampling period.

Specific conductance was measured in micromhos (umhos)
using a Each spectrophotometer. Standardization of the meter
was performed in the Pirnie laboratory before the beginning of
each sampling period. Samples were taken from fresh well
water (after well evacuation) or surface water.

Temperature was measured in degrees centigrade (°C) with
the temperature probe on the dissolved oxygen meter, in the
well or stream; and with a field thermometer measured in a
fresh sample drawn from the well or stream.

Inorganic Analysis Techniques

1. Cl" Titrimetric; Mercuric Nitrate

2. SO ~ Gravimetric; Turbidimetric

2. NH.-N Colorimetric,- Distillation Procedure

4. NO.-NO.-N Colorimetric; Brucine, Spectrophotometric

C-l



5.

6.

7.

8.

9.

10.

Total Cr

Cr3+

Cr6+

Cd

Pb

Alkalinity

Atomic Absorption; Chelation-Extraction

Total Cr - hexavalent Cr

Chelation-Extraction

Atomic Absorption; Direct Aspiration

Atomic Absorption; Direct Aspiration

Titrimetric (pH 4.5)

C-2



TABLE C-l

PHYSIOCHEMICAL CHARACTERISTICS OF GROUND WATER AT WILMINGTON

Specific Conductance, umhos
weij.

Number

GW-1

GW-2 & 2A

GW-3

GW-4

GW-5

GW-6

GW-7

GW-8

GW-10

GW-11

GW-1 2

GW-13

GW-14

GW-15

GW-16

GW-17S

GW-17D

GW-18S

GW-18D

GW-19S

GW-19D

GW-20

GW-21

GW-22S

GW-22D

GW-23

GW-24

GW-25

GW-26

3-81

475

6,750

1,200

3,750

5,750

•̂PT
^PJPJ*

4,300

200

1,550

525

3,250

325

3,500

550

-

7,000
-

-

3,000

5,500

1,150

625

13,750
•^ffflf

-

-

-

-

4-81

575

10,500

1,100

3,000

4,250

9HHB
SPJWP

3,800

1,275

18,500

725

550

500

4,250

275

2,500

7,000
-

9,750

3,250

3,250

1,275

950

10,250
jjmpu(

-
-
_

5-81

725

1,650

1,125

3,500

5,000

«•»

4MP
3,800

500

12,500

480

160

600

4,000

250

2,500

7,250
-

1,550

3,500

6,000

1,875

1,525

8,500

fftiag'
-
-
-
-

6-81

600

52,000

2,250

6,500

5,000

s4BaR>
?BHM»

5,500

2,250

14,000

575

125

825

5,750

375

3,500

9,000
-

1,425

3,500

11,500

900

1,600

9,000
$gggp

-
-
-
-

8-81

869

1,000

1,225

4,000

3,500

3EW»
IB^Bo

7,000

2,968

15,750

550

170

851

4,500

650

4,000

8,000

-

950

3,700

15,500

900

1,750

12,757

-JHBff*
750

13,250

16,000

13,500

12-81

-

1,050
-

6,250

4,975

-

-

-

-

8,500

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

17,500

C-3



TABLE C-2

PHYSIOCHEMICAL CHARACTERISTICS OF GROUND WATER AT WILMINGTON

well
Number

GW-1

GW-2 & 2A

GW-3

GW-4

GW-5

GW-6

GW-7

GW-8

GW-10

GW-11

GW-12

GW-13

GW-1 4

GW-15

GW-16

GW-17S

GW-17D

GW-18S

GW-1 3D

GW-19S

GW-19D

GW-20

GW-21

GW-22S

GW-22D

GW-23

GW-24

GW-25

GW-26

3-81

6.0

6.2

J&fv.i

1&W

6.4

w/,3
tff^
&}*
&£$*

10

5.3

6.8

6.5

6.5

6.8

-

6.8

-

-

9.5

S.8

10.8

6.7

9.5

€0
-
-
-_

4-81

6.2

5.1

5.1

5.3

6.1

^W 5,5
tffC $.0

tsJF3r
4.1

9.5

4.9

5.1

4.9

4.8

4.4

6.4

6.0

-

11.3

5.7

6.5

10.4

5.4

7.6

£9
-
-
-
-

5-81

6.2

5.3

5.9

5.1

6.5

«§</•<

•ft *-1

*rt v'2

4W *'
9.0

6.2

6.9

6.5

6.6

6.2

6.1

5.6
-

10

5.9

5.5

10.4
6.8

8.2

3£S*
-
-
-
-

6-81

6.4

-

6.1

5.4

6.4

" *T5 ̂
*ltf V,c>

' 5.2

? 6.4

9.4

6.6

7.2

6.6

7.0

5.9

' 6.6

5.8
-

9.9

6.4

6.8

9.3

6.7

7.9

C3I
-
-
-
-

8-81

6.2

6.5

4.6

5.1

6.0

Wv.v
«JMr 3'S-

*rt y<s
5.5

9.0

5.4

6.3

5.8

7.1

5.5

5.6

5.9
-

10.4

5.9

6.7

10.5

6.7

7.6

33P
6.1

6.8

6.5

4.3

12-81

-

5.6

-

6.3

6.5

-

•

'

-

7.3

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

5.1

C-4



TABLE C-3

PHYSIOCHEMICAL CHARACTERISTICS OF GROUND WATER AT WILMINGTON

Well
Number

GW-1

GW-2

GW-3

GW-4

GW-5

GW-6

GW-7

GW-8

GW-10

GW-H

GW-12

W-101

GW-13

GW-14

GW-15

GW-16

GW-17S

GW-17D

GW-18S

GW-13D

GW-19S

GW-19D

GW-20

GW-21

GW-22S

GW-220

GW-23

GW-24

GW-25

GW-26

Sump-1

Chlorides, mq/1

3-81

72

0V

36

416

450

00*

10*
370

18

JM̂ ,,
62

253

45

541

65

-
591

.

94

601

22

94

300

jfetf

-

-

-

-_

4-81

107

950

27

438

480

*&0 ,̂

mm^y
368

11

•!•£„,

53

11

16

512

37

235

875

69

64

£̂0r/»vi
16

107

480

2̂00

-

-

-

-_

5-81

77

194

26

449

459

&0 *

%̂ v/

281

10

J&tf& ,

306

10

306

449

26

204

766

56

72

536

179

87

378

iâ
-

-

-

-_

6-81

123

-
61

459

490

*7 IB* 2K

->>f 104 **
582

230

^̂ ^̂ ^̂ ^
29 2& ¥9

102

*&
71

766

5

225

510

163

102

«B0 >^ :

26

112

434

3&&
-
-
-
-_

8-81

135

110

42

465

370

*> 1899

H 4950

720

250

'2524

18

10

150

340

35

210

949

25

40

!> 1999

15

110

730

7990

70

2000

2074

1399

510

12-81

-
30

-
455

394

-

-

-

-
819

-

-
-

-

-

-
-

-

-

-

-

-

-

-

-

-
-

1112

-



TABLE C-4

PHYSIOCHEMICAL CHARACTERISTICS OF GROUND WATER AT WILMINGTON

Well
Number

GW-1
GW-2
GW-3
GW-4
GW-5
GW-6
GW-7
GW-8
GW-10
GW-11
GW-12
GW-13
GW-14
GW-15
GW-16
GW-17S
GW-17D
GW-18S
GW-18D
GW-19S
GW-19D
GW-20
GW-21
GW-22S
GW-22D
GW-23
GW-24
GW-25
GW-26
Sunp-1

Sulfates, mg/1
3-81

44
1,145
405
853

1,523

,016
32

,096
54
760
44
88
38

2,215

1,726
1,228

96
100

2,911

4-81

28
1,990
402
934

1,500

,130
23

3,440
101
95
35
108
30
930

3,045

60
1,675
1,839

16
64

2,620

5-81

100
366
384
979

1,400

030
27

2,990
70
6
16
809
20
863

2,624

326
1,774
1,265

12
17

1,880

6-81

55

725
1,883
2,767

8-81

3,450
767

2,900
64
15
106
105
26

1,500
2,624

178
2,530
6,080

33
6

4,330

12-81

111

1,376
1,446

1,120

3,500

7,729

C-6



TABLE 05

PHYSIOCHEMICAL CHARACTERISTICS OF GROUND WATER AT WILMINGTON

wexi
Number

GW-1

GW-2 & 2A

GW-3

GW-4

GW-5

GW-6

GW-7

GW-8

GW-10

GW-11

GW-12

GW-13

GW-14

GW-15

GW-1 6

GW-17S

GW-17D

GW-18S

GW-180

GW-19S

GW-19D

GW-20

GW-21

GW-22S

GW-22D

GW-23

GW-24

GW-25

GW-26

3-81

54

0

12

2

73

0

32

0

2

2725

41

67

34

554

89

-

-

-

-
311

246

226

32

1245

17

-

-

-

-

4-81

83

28

3

6

75

122

66

4

2

3250

5

21

55

700

28

50

215

-
300

263

506

325

242

600

<1

-

-

-

-

5-81

98

88

1

0

69

0

0

0

0

2765

3

15

28

738

6

34

170

-
180

122

238

168

195

448

0

-

-

-

-

6-81

89

-
10

9

78

148

<1

2

28

3425

<1

17

36

1133

20

70

102

-
335

236

955

200

132

505

<1

-

-

-

-

8-81 12-81

-

160

-

4

10

-

-
-

-
386

-

-

-

-

-

-

-
-

-

-

-

-

-
' -

-

-

-

-
98

C-7



TABLE 06

PHISIOCHEMICAL CHARACTERISTICS OF GROUND WATER AT WILMINGTON

Well
Number

GW-1

GW-2 & 2A

GW-3

GW-4

GW-5

GW-6

GW-7

GW-8

GW-10

GW-11

GW-12

GW-13

GW-14

GW-15

GW-16

GW-17S

GW-17D

GW-18S

GW-18D

GW-19S

GW-19D

GW-20

GW-21

GW-22S

GW-22D

GW-23

GW-24

GW-25

GW-26

3-81

3

175

46

126

125

<1

190

158

3

729

6

130

4

167

13

-
182
-

-
83

239

1

4

314

192

-

-

-

-

4-81

8

574

75

145

176

3780

2638

226

61

1854

9

26

10

182

22

46

315

-
19

114

609

11

39

675

4102

-

-

-_

5-ai

11
133

29

134

157

3878

3101

210

62

2051

8

11

3

135

4

48

336

"

11

126

353

21

21

427

2757

-

-

-

-

rt , (Û / *

6-81

6

-
48

140

134

5660

1318

384

140

2002

4

7

7

333

2

45

358

-

12

130

974

1

7

490

2340

-

-

-

-

8-81

2

9

36

179

114

2489

3133

377

108

2453

1

5

5

350

4

56

325

-

<1

108

1204

1

3

1081

2545

8

1204

1246

991

12-81

-
35

-
171

129

-

-

-

-
476

-
-

-
-

-

-

-
-

-

-

-

-

-

-
-

-
-

-
126

C-8



TABLE C-7

PHYSIOCHEMICAL CHARACTERISTICS OF GROUND WATER AT WILMINGTON

Well
Number

GW-1

GW-2 & 2A

GW-3

GW-4

GW-5

GW-6

GW-7

GW-8

GW-10

GW-11

GW-12

GW-1 3

GW-1 4

GW-15

GW-16

GW-17S

GW-17D

GW-18S

GW-18D

GW-19S

GW-19D

GW-20

GW-21

GW-22S

GW-22D

GW-23

GW-2 4

GW-2 5

GW-26

3-81

2.1

87.7

8.7

7.0

12

56.7

42.4

57.7

6.9

1.1

3.0

12.2

4.6

4.1

0.2

-

7.5

-

-

1.0

0.2

0.5

2.8

16.5

1W»/Y?
-

-

-

.

4-81

0.9

35.3

13.3

6.3

8.9

57.1

21.7

45.0

8.4

0.6

2.6

6.7

4.8

0.7

2.8

6.1

9.2

-

10.6

1.3

0.4

1.2

2.0

163

•«P» ^
-

.

-
.

\ *"" ̂  *»W ,K j

5-81

1.8

4.0

14

7.1

7.5

23.8

31.5

42.2

8.8

1.5

0.5

2.0

0.6

2.6

2.6

3.2

8.7

-

11.3

2.2

1.6

1.3

1.0
f9P ztb

3 75.5

-

-

-_

M f Ul^/ 4i

6-81

1.2

-

26.9

6.6

0.1

$gpl -v
43.2

66.6

16.0

1.0

4.6

10.1

7.7

2.0

5.8

1.6

20.2

-

15.2

3.0

1.8

1.2

0.9

41V V03

^B* /o->
-
-
-_

8-81

1.6

9.1

16.8

4.6

0.8

33.2
34.6
50.1
12.4
-1-.3

2.5

3.7

4.1

2.4

3.7

3.0

13.0
-

11.9
2.4

2.0

1.2

1.0

^P ^<K
85.8

2.6

3.2

1.2

58.6

12-81

-

0.2

-

4.6

1.5

-

-

-

-

2.1
-

-

-

-

-

-

-

-

-

-

-

-

-

>

-

-

-

40.6

C-9



TABLE C-8

PHYSIOCHEMICAL CHARACTERISTICS OF GROUND WATER AT WILMINGTON

well
Number

GW-1

GW-2 & 2A

GW-3

GW-4

GW-5

GW-6

GW-7

GW-8

GW-10

GW-11

GW-12

GW-1 3

GW-14

GW-15

GW-16

GW-17S

GW-17D

GW-18S

GW-18D

GW-19S

GW-19D /

GW-20

GW-21

GW-22S 102,

GW-22D

GW-23

GW-24

GW-25

GW-26

3-81*

0.05

0.10

0.29

0.05

0.10

0.82

0.08

0.02

0.70

0.06

0.15

0.05

0.20

0.15

-
3.22

-

-
&jfr

i.«'4*̂
0.02

0.15

f̂cP
0.22

-
-

-_

4-81

0.01

0.01

BDL

BDL

BDL

BDL

0.01

BDL

BDL

BDL

0.01

BDL

0.01

0.03

BDL

BDL

BDL

-
0.36

BDL

0.01

0.39

0.01

0.01

0.01

-

-

-

-

5-81

BDL

BDL

BDL

BDL

BDL

BDL

0.01

BDL

BDL

0.01

BDL

BDL

BDL

BDL

BDL

BDL

0.02

-
BDL

0.04

0.04

BDL

0.01

BDL

0.02

-

-

-

-

6-81

0.02

-

-
0.01

BDL

BDL

0.01

BDL

BDL

0.01

0.01

BDL

BDL

BDL

BDL

0.01

0.04

-
0.01

0.05

0.06

BDL

BDL

BDL

0.01

-

-

-

-

8-81

BDL

BDL

-
BDL

-
BDL

BDL

-

-
BBL

BDL

-
0.01

•-

-
0.01

BDL

-
BDL

0.01

BDL

BDL

BDL

BDL

BDL

BDL

-

-

-

12-81

BDL

-
BDL

BDL

.

-

-
BDL

-

-

-

-
-

-

-

-
-

-

-

-

-

-

-

-
-•

-
BDL

Total metal - sample acidified.
Detection Limit: 0.01 mg/1
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TABLE 09

PHYSIOCHEMICAL CHARACTERISTICS OF GROUND WATER AT WILMINGTON

WCJ.J.

Number

GW-1

GW-2 & 2A

GW-3

GW-4

GW-5

GW-6

GW-7

GW-8

GW-10

GW-11

GW-12

GW-13

GW-14

GW-15

GW-1 6

GW-17S

GW-17D

GW-1 8S

GW-18D

GW-19S

GW-19D

GW-20

GW-21

GW-22S

GW-22D

GW-23

GW-24

GW-25

GW-2 6

3-81* 4-81

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<O.OS

<0.05

<0.05

-

20.01

<0.05

<0.05

<0.01

<0.05

<0.05

<BBP*
-
-
-
- _

5-81

<0.04

<0.04

<0.04

<0.04

<0.04

50.43

*•**»

<0.04

<0.04

0.02

<0.04

<0.04

<0.04

<0.04

<0.04

<0.04

<0.04

-

<0.04

<0.04

<0.04

<0.04

<0.04

<0.04
SS£HP
-
-
-
_

6-81

20.03

-

<0.04

$0.04

<0.04

20.38

^^^<0.04

<0.04

SO. 04

SO. 04

<0.04

<0.04

<0.04

<0.04

20.04

0.08

-

20.04

<0.04

0

<0.04

20.11

<0.04

^^U^-
.

-
-

8-81

20.04

20.04

-

<0.04

<0.04

20.1

211.13
-
-

-26.29

<0.04

-

20.04

-

-

20.04

20.71
••

<0.04

<0.04

20.08

<0.04

<0.04

<0.04

-g&f*.

<0.04

-

-

-

12-81

-

<0.05

-

<0.05

<0.05

-

-

-

-

<0.04

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-'

-

<0.05

C-ll



12*3

TABLE C-10

PHYSIOCHEMICAL CHARACTERISTICS OF GROUND WATER AT WILMINGTON

Cadmium, mg/1
wen

Number

GW-1

GW-2 & 2A

GW-3

GW-4

GW-5

GW-6

GW-7

GW-8

GW-10

GW-11

GW-12

GW-13

GW-14

GW-15

GW-1 6

GW-17S

GW-17D

GW-1 8S

GW-18D

GW-19S

GW-19D

GW-20

GW-21 '

GW-22S

GW-22D

GW-23

GW-24

GW-25

GW-26

3-81*

<0.01

<0.01

<0.01

0.01

<0.01

<0.01

«sa
<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

-
<0.01

-
-

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

-
-
-

.

4-81

BDL

BDL

BDL

0.01

BDL

0*fi»

OSU5B
BDL

BDL

BDL

BDL

BDL

BDL

BDL

BDL

0.02

Oto
-

BDL

BDL

BDL

BDL

BDL

BDL

$£|fr
-

-

-

-

5-81

BDL

BDL

BDL

0.02

BDL

0-fflfc

og&a*
BDL

BDL

BDL

BDL

BDL

BDL

BDL

BDL

0.02

GOB*

-

0.02

0.03

BDL

BDL

BDL

0.02

QS09

-

-

-

-

6-81

BDL

-

BDL

BDL

BDL

C9I
OQBff

BDL

BDL

BDL

BDL

BDL

BDL

BDL

BDL

BDL

OSS*

-

BDL

BDL

BDL

BDL

BDL

BDL

o$t»
-

-

•

-

8-81

BDL

BDL

-

BDL

-

03D
«3S»
-
-

BDL

TBDL
-

BDL

-

-

BDL

CT»
-

0.02

0.02

0.02

0.02

0.02

0.02

Q3BS9

BDL

-

-

-

12-81

-

BDL

-

BDL

BDL

-

-

-

-

BDL

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

BDL

*Total metal - sample acidified.

Detection Limit: 0.01 mg/1

C-12



TABLE C-H

PHYSIOCHEMICAL CHARACTERISTICS OF GROUND WATER AT WILMINGTON

WC-LJ.

Number

GW-1

GW-2 & 2A

GW-3

GW-4

GW-5

GW-6

GW-7

GW-8

GW-10

GW-11

GW-12

GW-13

GW-1 4

GW-15

GW-16

GW-17S

GW-17D

GW-18S

GW-18D

GW-19S

GW-19D

GW-20

GW-21

GW-22S

GH-220

GW-23

GW-24

GW-25

GW-2 6

3-81*

<0.10

<0.20

<0.10

<0.10

<0.10

mm/
••»
%M
<0.10

<0.10

<0.10

K^»
<0.10

<0.10

<0.10
-

mm
-
-

4*^

^Hk
<0.10

«fc
**§&
<0.10

-
-
-
-

4-81

<0.10

<0.10

<0.10

<0.10

<0.10

*•»
**f
<0.10

<0.10

4^
<0.10

<0.10

<0.10

<0.10

<0.10

^•r
^^uj

-
<0.10

<NA
<0.10

<0.10

<0.10

<0.10

<0.10
-
-
*

-

5-81

<0.04

<0.04

<0.04

<0.04

<0.04

«ac
***<0.04

<0.04
<0.04

<0.04

<0.04

<0.04

<0.04

<0.04

«•»

<W
-

<0.04

<0.04

<0.04
<0.04

<0.04
^sm
"^^^^^^^

&BS*
^^^^V«WB

-

-

-

6-81

<0.05
-

<0.04

<0.04

<0.04

mm
%^

<0.04

<0.04

<0.04

<0.04

<0.04

<0.04

<0.04

<0.04

<0.04

<0.09

-

<0.04

<0.04

<0.04

<0.04

<0.04

<0.04

ffSBP*
-

.

-

-

8-81

<0.05

<0.05
-

<0.05

<*&

%&
<0.05

-

-

<0".05

<0.05
-

<0.050
-

-

<0.05
4«r

-
<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

•**•
<0.05

-

-

-

12-81

-

<0.05
-

<0.05

<0.05
-

-

-

-

«3.05
-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-'

<0.05

*Total metal - sample acidified.
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TABLE C-12

PHYSIOCHEMICAL CHARACTERISTICS OF GROUND WATER AT WILMINGTON

Number 3-81

GW-1

GW-2 & 2A

GW-3

GW-4

GW-5

GW-6

GW-7

GW-8

GW-10

GW-11

GW-12

GW-13

GW-14

GW-15

GW-16

GW-17S

GW-17D

GW-18S

GW-18D

GW-19S

GW-19D

GW-20

GW-21

GW-22S

GW-22D

GW-23

GW-24

GW-25

GW-26

4-81

1.8

1.8

4.0

3.2

5.2

2.6

4.6

1.5

4.9

1.9

1.6

1.4

6.4

2.1

1.4

3.2

5.2
-

5.7

3.2

4.2

4.4

1.7

1.7

3.4

-
-

-
_

5-81

2.0

2.2

3.2

3.0

2.6

2.8

3.0

2.8

3.6

2.0

3.1

2.8

6.8

1.5

6.8

5.4

2.3

-
5.4

3.0

5.8

3.3 -

4.0

2.0

7.8

-

-

-_

6-81

3.2

-
1.9

1.4

2.5

2.0

2.4

5.0

2.7

1.7

1.4

4.5

2.8

1.8

3.5

4.8

1.8

-
3.2

1.8

1.6

4.7

1.8

1.7

2.4

-
•

-

-

8-81 12-81

-

-

-

-

-

-

-

-

-
"C~Z- „

-

-

-

-

-

-

-

-

-

-

-

-

-
M «•

-

-

-

-

- -
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TABLE C-13

PHYSIOCHEMICAL CHARACTERISTICS OF GROUND WATER AT WILMINGTON

WCO.J.

Number

GW-1

GW-2 & 2A

GW-3

GW-4

GW-5

GW-6

GW-7

GW-8

GW-10

GW-11

GW-12

GW-13

GW-1 4

GW-15

GW-16

GW-17S

GW-17D

GW-18S

GW-18D

GW-19S

GW-19D

GW-20

GW-21

GW-22S

GW-22D

GW-23

GW-24

GW-25

GW-26

3-81

9

7

7

7

5

8

6.5

6

6.5

8

6

9

9

12

7

-
7

-

-
7

a
6.5

7.5

5

a
-
-
-_

4-81

11

10.5

8.5

8

8

9

8

7.5

8.5

7

7.5

9.5

7.5

14.5

10.5

8.5

8

-
7

a
10

7

8.5

9

9

-

-

-

-

5-81

. 12

15

13

10.5

13

12

13

11

12

12

11

12.5

15.5

17

14.5

11

10.5

' -

15

12

12

9.5

12

12

12.5

-

-

-

-

6-81

11.5

-
13

11.5

14.5

10

12.5

12.5

13

14

13

13.5

16

17

15

12

11
•

11.5

13

11.5

13

13

12.5

11.5

-
•

-

-

8-81 12-81

17.5

18 13

20

18 11

19 10

-
18

-
18

VT 11.5

17.5

21

19

17

21

16

11
• •

16

19

14.5

17

18

22

15.5

19

-
21

12
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APPENDIX D

INORGANIC CHEMICAL ANALYSES-SURFACE WATER



TABLE D-l

SURFACE WATER CHEMICAL ANALYSES

».«- 1 T

Number 3-81

SS-1 6.2

SS-1A

SS-2

SS-5 6.5

SS-11 6.1

SS-12 6.1

SS-16 6.1

SS-N-A

SS-N-B

SS-N-C

SS-N-D

SS-N-E

SS-N-F

SS-N-G •

LAG- 1( SOLID)

LAG-1 (LIQUID)

LAG-2 (LIQUID)

UREA TANK SEWER -

TOWN SEWER

SUMP-1

PH

4-81 5-81 6-81 8-81

6.8 6.0 6.7 5.9

6.2

8.6

6.7 7.1 6.5 7.1

5.1 5.6 6.9 6.5

6.1 5.6 6.6 6.7

5.8 6.5 6.4 6.6_

_

-
5.7

.

-_

_

9.6

8.7

8.5

-
4.5

12-81

7.1

-

-
7.4

-
6.0

6.8

-

-
-— --

-

-

-
-

-
-

-
-

-

-

D-l
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TABLE D-2

SURFACE WATER CHEMICAL ANALYSES

Well
Number

SS-1

SS-1A

SS-2

SS-5

SS-11

SS-12

SS-16

SS-N-A

SS-N-B

SS-H-C

SS-M-D

SS-N-E

SS-N-F

SS-N-G

LAG- 1( SOLID)

LAG-1 (LIQUID)

LAG-2 (LIQUID)

UREA TANK SEWER

TOWN SEWER

SUMP-1

Specific Conductance, umhos

3-81 4-81 5-81

425 400 825

-
.

6,000 5,000 8,000

550 375 475

7,500 6,700 5,500

1,450 1,000 1,000_

. . .

. . .

.

.

-_

-
.

.

.

-
.

6-81

325

-

-
7,000

1,050

5,000

1,150

-

-

-
4,250

-

-

-

-
16,000

58,000

725

-
5,500

8-81

290

575

4,500

950

950

5,926

1,000

-

-

-

-

-

-

-

-

-

-

-

-

-

12-81

575

-

950

-
4,250

775

-

-

-

-

-
-

-

-

-

-

-

-

-
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TABLE D-3

SURFACE WATER CHEMICAL ANALYSES

Well
Number

SS-1

SS-2

SS-5

SS-11

SS-12

SS-16

SS-N-A

SS-N-B

SS-N-C

SS-N-D

SS-N-E

SS-N-F

SS-N-G

LAG- 1( SOLID)

LAG- 1( LIQUID)

LAG-2 (LIQUID)

Chlorides, mg/1

3-81

51

-
440

73

892

154

-

-
- "

-
-

-

-

-
-

-

4-81

43

-
475

43

619

128

-
-

-

-

-

-

-

-

-

-

5-81

36

140

592

56

562

117

-
-

-

-

-

-

-

-

-

-

6-81

41

225

500

51

459

92

414

85

64

692

64

213

<5

4902*

4898

5048

8-81

50

225

100

100

360

100

50

85

70

380

80

160

-

-

-

-

12-81

48

-
81

-
182

35

-

-

-

-
-

-

-

-

-

-

mg/kg

D-3
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TABLE 0-4

SURFACE WATER CHEMICAL ANALYSES

Number 3-81

SS-1 8

SS-2

SS-5 1494

SS-11 30

SS-12 2445

SS-16 179

SS-N-A

SS-N-B

SS-N-C

SS-N-D

SS-N-B

SS-N-P

SS-N-G

LAG- 1( SOLID)

LAG- 1 (LIQUID)

LAG-2(LIQUID)

Sulfates, mg/1

4-81

10

-
1337

40

1913

191

.

-

-
.

-

-

-

-

-

-

5-81

12

222

1450

28

1817

120

-

-

-

-

-

-

-

-

-

-

6-81

32

3050

4220

83

2620

222

3125

133

60

4167

89

925

24

8-81

24

14

138

66

1220

120

155

78

51

1750

73

135

-
333,333*

15,800

19,750

12-81

22

-
131

-
420

100
'

-
-

«--

-

-

-

-

-

-

*mg/kg
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TABLE 0-5

SURFACE WATER CHEMICAL ANALYSES

Well
Number

SS-1

SS-1A

SS-2

SS-5

SS-11

SS-12

SS-16

SS-N-A

SS-N-B

SS-N-C

SS-N-D

SS-N-B

SS-N-F

SS-N-G

LAG- 1( SOLID)

LAG-1 (LIQUID)

LAG-2 (LIQUID)

UREA TANK

SEWER

SDMP-1

NH3 - N, mg/1

3-81

2

-

-
255

13

374

52

-

-

-

-

-

-

-

-

-

-

-

-
.

4-81

4

-

-
376

7

390

43

408

39

20

1022

38

471

-

-

-

-

-

-
.

5-81

2

-
33

476

4

468

45

551

25

3

1306

22

448

-

-

-

-

-

-

-

6-81

1

-
290

535

17

347

22

377

16

2

1127

11

185

14

-

-

-

-

-
.

8-81

<1

1

239

28

3

203

18

28

15

6

287

16

52

-
17*

1232

6671

28

15

33

12-81

2

-
-

31

-
Ill

16

-

-

-

-

-

-

-

-

-

-
•

-
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TABLE D-6

SURFACE WATER CHEMICAL ANALYSES

Well
Number 3-81

SS-1 2.1

SS-1A

SS-2

SS-5 7.2

SS-11 2.1

SS-12 5.4

SS-16 6.0

SS-N-A

•SS-N-B

SS-N-C

SS-N-D

SS-N-E

SS-N-F

SS-N-G

LAG- 1( SOLID)

LAG- 1 (LIQUID)

LAG-2 (LIQUID)

UREA TANK

SEWER

SUMP-1

4-81

1.9

-

-
3.5

0.5

5.0

4.3

4.3

4.6

0.7

7.1

3.6

3.8

-

-

-

-

-

-

-

(N03 «

5-81

0.9

-
4.1

2.7

0.6

3.9

2.0

5.1

4.2

1.9

6.1

2.9

4.4

-

-

-

-

-

-

-

•• N02)-N,

6-31

1.9

-
26.9

4.7

3.4

6.8

4.1

5.8

4.1

1.9

3.7

3.6

4.1

2.3

-

-

-

-

-

-

mg/1

8-81

1.5

0.9

12.2

3.5

2.0

4.9

3.0

1.4

3.0

1.4

3.8

3.2

3.4

-
137*

81

10.6

1.4

8.1

26.3

12-81

1.0

-

-
2.7

-
3.3

4.5

-

-
....•

-

-

-

-

-

-

-

-

-

-

*mg/kg
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TABLE D-7

SURFACE WATER CHEMICAL ANALYSES

u Alkalinity, mq/1

Number 3-81 4-81 5-81 6-81 8-81 12-81

SS-1 366 44 41 45 - 42

SS-1A 35

SS-2 - - 390 870

SS-5 78 192 210 65 - 26

SS-11 30 800 30 28 -

SS-12 73 170 161 112 - 33

SS-16 58 62 60 55 - 52

SS-N-A 58

SS-N-B 60

SS-N-C - - - 25 - - _ - • -

SS-N-D 220

SS-N-E - - - 55 - -

SS-N-F 80

SS-N-G <1

LAG-1(SOLID) -

LAG-1 (LIQUID) - - - 4150

LAG-2(LIQUID) ... - 1210

UREA TANK - - - 65

SEWER ... - 85

SUMP-1 . . . . 3 2

D-7



I l l

TABLE D-8

SURFACE WATER CHEMICAL ANALYSES

Well
Number

SS-1

SS-1A

SS-2

SS-5

SS-11

SS-12

SS-16

3-81*

<0.02

-

-

0.18

0.16

0.42

<D.02

4-81

<0.01

-

-

0.03

0.01

BDL

BDL

Chromium

5-81

BDL

-

0.01

0.01

0.01

BDL

BDL

+ 6, mq/1

6-81

BDL

-

0.03

BDL

BDL

BOL

BDL

8-81

-

BDL

BDL

BDL

BDL

-_

12-81

BDL

-

-

BDL

-

BDL

BDL

Detection Limit: 0.01 mg/1

*Total metal - sample acidified
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TABLE D-9

SURFACE WATER CHEMICAL ANALYSES

Well Chromium •*• 3. mq/1

11°

Number 3-81 4-81 5-81 6-81 8-81 12-81

SS-1 - <0.05 <0.04 <0.04 <0.04 <0.04

SS-1A . . . . _ .

SS-2 - - <0.04 50.02 <0.04

SS-5 - <0.05 <0.04 <0.04 <0.04 <0.04

SS-11 - <0.05 <0.04 <0.04 <0.04

SS-12 - <0.05 <0.04 <0.04 <0.04 <0.04

SS-16 - <0.05 <0.04 <0.04 <0.04 <0.04
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TABLE 0-10

SURFACE WATER CHEMICAL ANALYSES

Well
Number

SS-1

SS-1A

SS-2

SS-5

SS-11

SS-12

SS-16

Cadmium, raq/1

3-81*

BOL

-

-

BDL

BDL

BDL

BOL

4-81

BDL

-

-

BDL

BDL

BDL

BDL

5-81

BDL

-

<0.01

BDL

BDL

BOL

BOL

6-81

BDL

-

BDL

BDL

BDL

BDL

BDL

8-81 12-81

BDL BDL

-

-

BDL BDL

BDL

BDL

BDL

Detection Limit: 0.01 ng/1

Total metal - sample acidified
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TABLE D-ll

SURFACE WATER CHEMICAL ANALYSES

Well
Number

SS-1

SS-1A

SS-2

SS-5

SS-11

SS-12

SS-16

3-81*

<0.10

-

-

<0.10

<0.10

<0.10

<0.10

4-81

<0.10

-

-

<0.10

<0.10

<0.10

<0.10

Lead,

5-81

BOL

-

BDL

BDL

BDL

BOL

BDL

mg/1

6-81

BDL

-

BDL

BDL

BDL

BDL

BDL

8-81 12-81

BDL

BDL

BDL

BDL BDL

BDL

BDL

BDL

Detection Unit: 0.04 mg/1

*Total neta! - Maple acidified
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TABLE D-12

SURFACE WATER CHEMICAL ANALYSES

.. Dissolved Oxygen, mq/1

Number 3-81 4-81 5-81 6-81 8-81 12-81

SS-1 - 6.7 8.2 6.4

SS-1A - - - - - -

SS-2 - - - - _ .

SS-5 - 10.4 8.5 3.5

SS-11 - 11.0 2.6 6.2

SS-12 - 10.4 6.2 6.9

SS-16 - 9.0 6.0 6.5

SS-N-A

SS-M-B . . . . . .

SS-H-C - - - "^

SS-N-D . . . . . .

SS-N-B _ . . - - .

SS-N-F - . -

SS-N-G - - -

LAG-1(SOLID) - - - - - -

LAG-1(LIQUID) - - - - - -

LAG-2(LIQUID) - - - - - -

UREA TANK - - - - -

SEWER - . . . . -

SUMP-1 - - - . . -

D-12



TABLE D-13

SURFACE WATER CHEMICAL ANALYSES

wexo.
Number

SS-1

SS-1A

SS-2

SS-5

SS-11

SS-12

SS-16

SS-N-A

SS-N-B

SS-N-C

SS-N-D

SS-N-E

SS-N-F

SS-N-G

LAG- 1( SOLID)

LAG- 1( LIQUID)

LAG- 2 (LIQUID)

UREA TANK

SEWER

SUMP-1

3-81

6

-

-
6

10.5

8.5

8

-

-

-

-

-

-

-

-

-

-

-

-

-

4-81

7

-

-
12.5

11.5

7.5

12.5

-

-

-

-

-

-

-

-

-

-

-

-

-

5-81

22

-

-
23

19

18

23

-

-

-

-

-

-

-

-

-

-
-

-

-

6-81

23

-

-
25

24

23

29.5

-

-

-

-

-

-

-

-

-
26

-

-
20

8-81

24

23

18

28

26

25

29

-

-
- -.

-

-

-

-

-

-

-

-

-

-

12-81

7

-
-

4

-

2.5

5

-

-

-

-

-

-
-

-
-

-
-

-
-

D-13



APPENDIX E

ORGANIC CHEMICAL ANALYSES



TABLE E-2

COMPARISON OF EPA, PLIN AND PIRNIE SAMPLING RESULTS, mq/1

Surface Water

PARAMETER

Organic

N-nitrosodiphenylamine

OOP

Carbon tetrachloride

Fluoranthene

Butyl benzyl phthalate

Di-n-butyl phtholate

Phenanthrene / Anthracene

SAMPLE NUMBER

EPA
11-80

0.04

0.1

BDL

BDL

BDL

BDL

BDL

Olin
11-80

BDL

>0.2*

BDL

0.001

0.001

0.001

0.001

SS-5

PIRNIE
3-81

BDL

0.02

BDL

BDL

BDL

BDL

BDL

4-81 5-81

BDL

0.02

BDL

BDL

BDL

BDL

BDL

6-81 8-81

BDL

0.1

-~_~ BDL

BDL

BDL

BDL

BDL

12-81

BDL

BDL

BDL

BDL

BDL

BDL

BDL

*Due to detector saturation, actual concentrations may be significantly
greater.

BDL - Below detection Halt
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TABLE E-3

NON-PRIORITY POLLUTANT BASE-NEUTRAL COMPOUNDS

SURFACE WATER

Sample Location Compound Concentration*

SS-2 1,1 Oxybisbenzene Low
Octhanethioicic acid, 5-Hexylester Low
2H-Azepin-2-One, Hexahydro-y-Me Low

SS-5 No Base-Neutrals Detected

SS-16 1,1 Oxybisbenzene Low
9H-Carbazole Low
2H-l-Benzopyran Low
Conoyfolan-16-Carboxylic acid Low

GROUND WATER

GW-5 No Base-Neutrals Detected

Low concentration = <0.05 mg/1
Med. concentration a 0.05 - 0.2 mg/1
High concentration = >0.2 mg/1



APPENDIX E

ORGANIC ANALYSIS TECHNIQUES

1. Volatile Organics Method 624, Federal Register 12-3-79
2. Base/Neutral Eztractable Organics Method 625, Federal Register, 12-3-79

E-l
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PARAMETER

TABLE B-l

COMPARISON OF EPA. OLIN AND PIRMIE SAMPLING RESULTS, mq/1

Ground Water

WELL NUMBER

EPA OLIN
ilTeo ii-ao

Organic

N-nitrosodiphenyl-
amine BOL

OOP BDL

Carbon tetra-
chloride BDL

Fluoranthene BDL

Di-n-butyl
phthalate BDL

Phenanthrene/
Anthracene BDL

BDL

0.17

BDL

BDL

0.001

0.002

3-81 4-81

BDL

0.02

BDL

BDL

BDL

BDL

GH-S

PIRNIE
5-81 6-81 8-81 12-81

BDL - - BDL

0.03 - - 0.02

BDL - - BDL

BDL - - BDL

BDL - - BDL

BDL - - BDL

EPA OLIN
11-80 11-80

0.01 BDL

0.02 >0.22*

0.01 BDL

BDL 0.0002

BDL 0.001

. BDL 0.005

GW-10 {

PIRNIE
3-81 4-81 5-81 6-81 8-81 12-81

BDL -

BDL -

BDL

BDL -*

BDL - - -

BDL -

*Due to detector saturation, actual concentrations may be significantly greater.
BDL - Below detection limit



TABLE E-4

NON-PRIORITY POLLUTANT VOLATILE COMPOUNDS

SURFACE WATER

Sample Location Compound Concentration*

SS-5 Acetone . High

SS-16 Acetone Med
2-Butanone Med
2-Butanol Low
4-Methylpentanone Med
2,4,4-Trimethyl-2-Pentene Low
4,4-Dimethyl-2-Pentanone Low
2,4,4 Trimethyl-1-Pentene Med
3,3-Diaethylbutanoic acid Low
1,3-Dioethylbenzene Low
1,3-Dimethylbenzene

GROUND WATER

GW-5 Acetone Med

Low concentrations = <0.05 mg/1
Med. concentrations = 0.05 - 0.2 mg/1
High concentrations = >0.2 mg/1



f I G U I l t 5

CUIM CHLMI- IICHlOia-
lEMENE UOHQfUl .. • . KIIUHIMIK _ - IIIIMMUIUtt UlUKIMtt CNlUtFOU . HOIWKillUKt I-I-IICHIUOEIMIIE I.MICDLUKIIUK

1 II 5 II 1 II 11-11
SI 1 II L III - III
SI U - - III
SS 2 - HI
II 5 III (11 - III
SS II III HI
SS 12 111 III - III
SS If III HI III IIIIts I in

l-ll l-ll III II -II
III Ml - III

III
- HI

Ml ML Ml
Ml Ml

*n^*K IFl iii
Ml

l-ll l-ll •-• 11-11

Ml - IB . Ml
• Ml

Ml
HI III - Ml
Ml Ml -

l-ll f-ll l-ll 11-11
III Ml - Ml

• - M I -
MI

HI HI - MI
Ml Ml

- Ml *>

I-ll III l-ll 11 -II

••N** **"^^ III

Ml
•1 Nl - MI
Ml ML
Ml Ml - III
Nl HI Ul in

ML

J M l-ll l-ll 11-11
III HI - Hi.

Ill
ML

•1 Nl - Ml
Ml Ml -
ML Ml - Ml
HI HI Ml Mi

III

l - l l - 5 II 1 II 11 II l-ll 9
III III - UL MHNJH

Ul
- Ul

Ml III - in. Ul II
Ml Ul - - Ul M
Ml III - fit Ml fl
HI Ml HI Ml III M

III

1.1.1.2-fHUMim- I.I J-IIICHLHI-
EIHTllUtENE WIIIIL CHIMIIC KUTUK CttlMIK EIUK IlllHIK C1IUIK IIICHIMOEIH1U«E

1 II 5 II 1 II II II

SS 1 III III - III
SI It III

SI 9 III III - III
SI II III III

SS II ML III III Ml
UCIM
lllllll - - III -

3-11 111 l-ll II -II

III Ml - Ml

Itl Ml - Ml
••1 Ml - -.

Ml

l-ll l-ll l-ll II -I)
!«•!• Ml - Ml

1.1 •• Ml - MM*
l*M-« III
• ,*U~ Ul - *M*

l-ll •-»! l-ll II -II

*" ^ Ml *l

HI
Ml Ml - ML
Ml HI -
ML ML - ML
Ml Ml Ml Ml

Ml

l-ll l-ll l-ll 11-11
^^y^^^^jT - ^^•^n*'

^M4
III

••i J«i - In
III IIIHi. n\. ... !«L

l-ll l-ll l-ll i l-n
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FIGURE f-l

GENERALIZED CONTOURS OF PH

(BASED ON IST QUARTER DATA)
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FIGURE F-2

GENERALIZED CONTOUR OF CHLORIDE

(BASED ON IST QUARTER DATA)

DATA PLOT FORMAT:
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FIGURE F -"»

GENERALIZED CONTOURS OF ALKALINITY IN
GROUND HATER. MG/L AS CAC03

(BASED ON IST QUARTER DATA)

DATA PLOT
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GENERALIZED COLOURS OF NITRATE IN GROUND
' HATER, MG/L

(BASED ON IST QUARTER DATA)
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FIGURE F-6

GENERALIZED CONTOURS OF N-NITROSODIPHENYLMINE,
IN GROUND HATER, MG/L

(BASED OH 1ST flUARTER DATA)

DATA PLOT FORMAT
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2. EXECUTIVE SUMMARY

Stepan Chemical Company, located in Wilmington, Massachu-
setts is a producer of organic chemicals used in the plastics
industry. In the process of production, chemical waste slurry
is deposited in lined lagoons for drying and subsequent removal
to a landfill storage area. Prior to construction of the first
lagoon in 1972, some liquid wastes were deposited in unlined
pits in the area presently occupied by the lagoons. This report
presents results of an investigation into suspected groundwater
and surface water contamination by past and present operations
of Stepan Chemical Company.

. .The location of the Stepan Site is shown in Fig. 1. Most
of the site is drained by a ditch which borders the east property
line and parallels the B&M railroad tracks. The water in this
"East Drainage Ditch" flows to Hall's Brook which flows into the
Aberjona River.

The Massachusetts Division of Water Pollution Control has
established that the East Drainage Ditch is a Class B waterway.

The primary source of contamination of water is the East
Drainage Ditch are discharges of water from an "Outlet Channel"
located near the southern end of the Stepan property which drains
much of the Stepan property. The secondary source of contamina-
tion to the East Drainage Ditch is infiltration of groundwater
into the drainage ditch from the Stepan property.

The primary cause of contamination of surface water up:
of the Outlet Channel is believed to be the infiltratioi
taminated groundwater into the drainage ditches. It is<
that contaminated groundwater results from leakage of th>
'treatment lagoons and remnant effects of the former "acid pits."
In addition, spillage of chemicals on the ground surface of
Stepan1 s property probably contribute to- groundwater and surface
>water contamination .

If necessary, water in the East Drainage Ditch could be
treated to achieve Class B water quality. This solution would
require building a treatment facility to handle large volumes of
water and jAKld rft̂ t eliminate the major sources of the pollution
which aro^believed) to be leakage from the existing lagoons and
remnant coo&anu-aarion from the former "acid pits."fc

The lagoons could be eliminated as a source of pollution by
either 1) redesigning the lagoons with a high factor of safety
against leakage or 2) developing a waste treatment system which
did not require use of lagoons. Remnant contamination from the
former "acid pits" could be partially controlled by surrounding
the contaminatpd"JHrea"-Hith an impervious cutoff wall at an esti-
mated cost of
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3. SURFACE CONDITIONS

3.1 Plant Layout and Operation

j The chemical plant operations began in 1953 under the
ownership of National Polychemicals, Inc. (NFI). In June 1971,
NPI merged with Stepan Chemical Company and the chemical plant

j name was changed to Stepan Chemical Company.

The plant structures occupy the northern portion of the
j project site, as shown in Fig. 2. According to Stepan person-
i nel, untreated effluent from the plant operation was discharged

into "acid pits" (see Fig. 2) from sometime prior to 1965 up
•• until July 1971. From July 1971 to February 1972, treated

i effluent was discharged into the "acid pits." The location
of the "acid pits" was taken from a design drawing entitled
"Layout Lined Disposal Area, National Polychemicals, Inc.,

j Wilmington, Mass." by Dana F. Perkins and Sons, Inc. dated
September 2, 1971.

I The chemical composition of discharges into the "acid
; pits" could not be determined, but it is believed that the

liquids had low pH. The "acid pits" were not lined, and there-
i fore, discharges were free to enter the groundwater. According
\ to an aerial photograph taken April 24, 1971 (by Col-East,

Inc. for Dana F. Perkins and Sons, Inc.), a dr.ainage ditch
connected the "acid pits" to a small pond in the center of
Stepan's property (see Fig. 2 and Section 3.2), which in turn

•: discharges into a drainage ditch labeled the North Drainage
Ditch on Fig. 2. During periods of high waste discharge or
heavy rainfall, it is believed that contaminated water in the

j "acid pits" flowed into drainage ditches which eventually dis-
charge into the East Drainage Ditch running between Stepan's

, east property line and the B&M railroad (see Fig. 2). In
I addition, during periods of very high flow, it is believed

that contaminated water could overflow drainage ditches leading
to the East Drainage Ditch. It is believed that the presently

| observed dead trees in the area southeast of the "acid pits"
.' are the result of contaminated overflows from the "acid pits"

and/or contaminated groundwater flow due to discharges from
; the acid pits.
i

The Massachusetts Water Resources Commission Division of
1 Water Pollution Control was established in 1967. This Commis-
I sion required Stepan to implement a waste treatment program
1 to eliminate discharges of effluent into the acid pits.
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4. SUBSURFACE CONDITIONS

4.1 Subsoils

j Twelve borings were made at the project site to determine
*J subsoil conditions. Groundwater wells were installed in 11

of these borings at locations shown in Fig. 2. Appendix A
i contains the groundwater-well installation report for each

•-J . boring. A well was not installed in Boring 9 at the northwest
corner of Stepan's property because of shallow bedrock at this

'I location. An existing groundwater well, designated W-101,
\ was discovered near Lagoon 1 on May 31, 1978. This well was

used for both groundwater sampling and groundwater elevation
-̂ ' measurements.

i

~* The borings indicate that the general soil profile at the
site is 3 to 15 ft of layered fine to coarse sands, occasionally

~] mixed with gravel and/or silt, over a layer of predominantly
J sandy gravel and gravelly sand, occasionally containing silt.

An estimate of horizontal soil permeability was made, by con-
-| ducting an in situ falling head permeability test in each
J groundwater well installed by GEI. Values of horizontal soil
*" permeability are given in the groundwater installation reports
,, in Appendix A. Horizontal soil permeabilities range from 0.01
| cm/sec to 0.0001 cm/sec, the average for the 11 wells being

-* 0.007 cm/sec.

,1 The boring in the northwest corner of Stepan's property
J (Boring 9) indicated rock at a depth of 5 ft. Boring refusal

was met in eight borings at depths ranging from 10.2 to 21.2
n ft. Since rock was not cored, boring refusal may indicate

1 J the presence of a boulder. Boring refusal was not met in
Boring Nos. 5, 10, and 11, which were made to depths ranging
from 12.0 ft to 24.0 ft.

•3
•3

4.2 Groundwater

Groundwater elevations in each groundwater well are given
in* Table 18. Fig. 4 is a plot of- groundwater elevation vs.
time for each well. The average groundwater elevation for

•* each well from November 2, 1977 to May 31, 1978 was obtained
j from the curves of Fig. 4 and is given in the last column of

Table 18. The maximum groundwater elevation occurred between
late February and early April of 1978 which corresponds to

"I the period of snow melting as shown by the Climatological. Data
J in Fig. 3. Groundwater elevations fluctuated on the order of

about one foot during the sampling period. Generally, the
"\ fluctuation in the wells paralleled each other (Fig. 4) which
J indicates that the pattern of oroundwater elevation contours is

similar for high and low groundwater levels at the site.
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A groundwater-elevation contour map was nade from the

average groundwater elevations for each well and is shown in
Fig. 5. Groundwater elevations between two wells were deter-
mined by linear interpolation of the groundwater elevations ,
in each well. The actual groundwater elevations between wells -r
may vary from those shown in Fig. 5. It was assumed that the
groundwater elevations adjacent to the East Drainage Ditch were
the same as the water elevations in the ditch. Direction of

: i groundwater flow is from higher to lower elevation and is
0 . perpendicular to groundwater contour lines.

'1 Sufficient data are not available to draw contours in ^
J the northwest portion of the site, and the contour lines have

been extrapolated as dotted lines in this area as shown in Fig. 5.

At GW-10, GW-11 and (3W-12, the groundwater elevations
are similar, and it is not possible on the basis of existing ^
groundwater elevation data to accurately determine the direc-
tion of flow in this area.

Cross sections through the site are shown in Fig. 6 and 7.
Fig. 2 shows the location of each cross section. Average
groundwater elevations in wells have been plotted and eleva-
tions of water in drainage-ways are plotted as measured on

—. April 14, 1978. The groundwater level in the wells for this
< date are reasonably close to the average levels. The bottom

elevations of the lagoon liners were taken from design draw-
ings of the liners referenced in Chapter 6.

-1 / On May 31, 1978, water was standing in Lagoon 2 and water
/was not seen at the surface of Lagoon 1. Both lagoons appeared

filled with sludge throughout the groundwater sampling period.
The cross sections show that (1) the groundwater surface out-
side the lagoons is above the design elevation of the bottom

1 / of both lagoon liners and (2) water in Lagoon 2 is at a
; i higher elevation than the surrounding groundwater. ^^^

x It" was not possible on the basis of the existing ground-
; water elevation data to determine if waters in the lagoons ~-
; are creating localized increases, in the groundwater surface

elevation near the lagoons.
i

j 4.3 Groundwater Flow into Drainage Ditches

4.3.1 ' Flow into the East Drainage Ditch

/

The average groundwater elevations in Wells GW-2
through GW-5, which are located within 15 to 90 ft of the
East Drainage Ditch, are higher than the elevation of the
water surface in the East Drainage Ditch measured on May 31,
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- J
5. ANALYTICAL RESULTS

•* J
5.1 General

*> i All water quality tests were performed by ECO, Inc. of
""* Cambridge, Massachusetts. Water samples were analyzed for

pH, acidity, sulfate, chloride, ammonia, and dissolved solids.
] All samples were delivered to ECO, Inc. on the same day that

** -* they were taken and analyzed for pH and acidity within two
hours after delivery. Samples of sludge from the lagoons were

": also analyzed by ECO, Inc.
tmr j

5.2 Lagoon Samples

w ; On May 31, 1978, a sample of water from Lagoon 2 was
obtained by Stepan.personnel under the supervision of GEI;
analytical results for this sample are presented in Table 14

~| which shows that the lagoon water has a pH of 1.4 and has high
** J • concentrations of all other parameters tested. The low pH

of water in Lagoon 2 is unusual in that normal operations of
~v the waste treatment facility should create a sludge with a

^ j pH >7.

-^ On May 31, 1978, sludge was taken for analysis from
^ \ Lagoon 1 and from a small lined basin north of Lagoon 2 by
"* *-' GEI with the aid of Stepan personnel. The small basin was

constructed between April 14, 1978 and May 31, 1978. Details
of the design of this basin are not known to GEI. According

«• J to Stepan personnel, sludge in the basin was taken from Lagoon
2, and it will be referred to in this report as sludge from

-< Lagoon 2. The analytical results for the sludge samples are
m j presented in Table 15 which shows that sludge from Lagoon 1

, haa a pH of about 10 and the sludge from Lagoon 2 has a pH
., of about 5.

* -; As stated in Section 3.1, sludge remains in the lagoons
until it has air dried sufficiently to be removed. Stepan

*'; personnel have observed that the sludge in the lower portion
m j of the lagoons remains in a wet state and have attributed

this wetness to insufficient evaporation of water from the.
-. sludge. Another possible explanation for this wetness is

— ! that there are leaks near the bottom of the liners, and since
~* the groundwater surface is above the bottom of the liners,

these leaks allow groundwater to enter the lagoon. If this
! were the case, the sludge would remain in a wet state higher

* ••• than the groundwater surface elevation because of capillary
tension.
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A grain-size analysis of the sludge from Lagoon 2 was
made to obtain an estimate of the height of capillary rise
in the sludge material. The grain-size curve of the sludge
is shown in Fig. 20. The sludge is predominantly silt-sized.
The height of the capillary rise in a silt having the grain-
size characteristics shown in Fig. 20 is approximately 3.0 to
3.5 ft. If groundwater were in direct communication with the

, sludge in a lagoon and the sludge behaved similarly to a silt
i with respect to capillary rise, then the sludge would probably
' be wet in the lower 3 to 6 ft of the lagoon because of capil-"

lary rise of the groundwater.

5.3 Groundwater

•\ The analytical results of groundwater samples taken from
J November 11, 1977 to May 31, 1978 are shown in Tables 1 through

6. Average analytical results for each well are shown in
Table 13. The data summarized in Table 13 indicates that a

! wide range of groundwater quality exists on the project site.
To establish if isolated zones of high chemical concentration
are present on the site, the areal distributions of each ground-

; water quality parameter were plotted. These distribution plots
are shown Figs. 8 through 13.

-^ The areal distribution of pH was plotted by assigning
: to each well the average measured pH for the sampling period

(average values are given in Table 13 and Fig. 8). The pH
of water between two wells was assumed to vary linerly between

"1 wells. Lines of equal pH were then drawn. Distribution lines
—! were not drawn around GW-1 and GW-2 because they are relatively

isolated from the other wells.
•\
j The areal distribution of the remaining five water quality

parameters were determined similarly except that values of
-j the distribution lines represent the logarithm (base 10) of
' the concentration. The logarithm method was used so that

transitions from high to low concentration would be smooth.

") The following sections consider the areal distribution
J plots of each parameter in more detail.

"1 5.3.1 p_H

The areal distribution of pH, Fig. 3, indicates
.. that pH changes from above 7 to below 4 within about 200 ft

i in the vicinity of the lagoons. The average pH for wells
GN-6 and GW-11 was 8.0 and 7.9, respectively. All other wells-
had an average pH below 7, the lowest pH being 3.4 in Well
W-101.
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m

On May 31, 1978 the water in Lagoon 2 had a pH of 1.4
and the sludge in Lagoon 1 had a pH of about 10.1.

The variable pH of the groundwater could be due in part
-I to the following:

I
'J 1) Discharge of wastes into Lagoon 2

if the PVC liner of Lagoon 2 was
] leaking. Presently, there is -water

-•*' with pH =» 1.4 in Lagoon 2; we have
no record of past water quality in

1 Lagoon 2.
».]

2) Discharge of wastes into Lagoon 1
i if the PVC liner of Lagoon 1 was
I leaking. Presently, the material

*J in Lagoon 1 has a high pH.

} 3) Discharges of effluent into the
»..' "acid pits" prior to 1971; this

effluent may still be affecting „ _
;. the pH of the groundwater. It is
j believed that acids were discharged
* into the pits (hence "acid pits")
1 and that this effluent had low pH.

«•-' 5.3.2 Acidity

1 The areal distribution of acidity is shown in
«.j Fig. 9. Average acidity of groundwater varies fron 32 (acidity

is expressed in mg/t as CaCOj) in GW-12 to 6,928 in W-101.

i The highest acidity is in the vicinity of the lagoons.
The acidity of water in Lagoon 2 on May 31, 1978 was 7,217.

. The acidity tends to decrease from the lagoons towards the
drainage ditches.

A possible explanation for the highly acidic groundwater
near the lagoons is that the water inside Lagoon 2 is leaking
through the PVC liner. If Lagoon 1 contained acidic water in
the past Aod the liner w«s leaking/ it too could be a possible
source of the present high acidity in the groundwater. Another
possible explanation is that discharge of effluent into the
"acid pits" prior to 1971 created a load of highly acidic
material beneath the present lagoons; this load may still be
contaminating the groundwater.
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5.3.3 Sulfate

The areal distribution of sulfate is shown in
Fig. 10. Average concentration of sulfate varies from 7

r~l (sulfate concentration is expressed in mg/i as SO."2) in
'J GW-10 to 15,000 in W-101. The zone of highest concentration

is in the vicinity of the lagoons. .The sulfate concentration
-\ of water in Lagoon 2 on May 31, 1978 was 15,600.

A possible explanation for the high sulfate concentration
_ in the groundwater near the lagoons is that either or both of
! ! the lagoons are leaking. Another possibility is that dischage
•J of an acid, for example H2S04 into the "acid pits" prior to

1971 is still affecting the groundwater quality in the area.
n
ij 5.3.4 Chloride

, The areal distribution of chloride is shown in
'. \ Fig. 11. Average concentration of chloride varies from 33

(chloride concentration is expressed in mg/Z as Cl~) in GW-10
to 5,100 in GW-7. The zone of highest concentration- includes

\] the lagoon area and areas southeast and southwest of the lagoons.
'.; The chloride concentration of water in Lagoon 2 on May 31, 1978

was 4,750. ~

( 1 A possible explanation for the high chloride concentration
w in the groundwater near the lagoons is that either or both of

the lagoons are leaking. It is possible that discharge of an
H acid, for example HC1, into the "acid pits" prior to 1971 is
-' still affecting the groundwater quality in the area.

"j 5.3.5 Ammonia
J

The areal distribution of ammonia is shown in
-i Fig. 12. Average concentration of ammonia varies from 1
j (ammonia concentration is expressed in mg/i as NH4C1) in GW-10

and a-J-12 to about 17,200 in GW-6 and GW-11. The latter
average concentrations are affected by an unusually high

I ammonia measurement of about 60,000 in each well on December 8,
J 1977. If the unusually high ammonia measurement is not in-

cluded in the average, then the average ammonia concentration
"• in GW-6 and GW-11 is about 5,300. The zone of highest con-
J centration is between GW-6 and GW-11 and extends over the

location of the lagoons. The ammonia concentration of water
-, in Lagoon 2 on May 31, 1978 was 4,700.

J

A possible explanation for the high ammonia concentration
in the groundwater near the lagoons is that either or both of

", the lagoons is leaking. It is not known if ammonia was ever
discharged into the "acid pits."
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5.3.6 Dissolved Solids

0 The areal distribution of dissolved solids con-
centration is shown in Fig. 13. Average concentration of

..-, dissolved solids varies from about 42 (dissolved solids con-
j I centration is expressed in mg/i as CaĈ ) in GW-10 and GW-12
v^ to about 7,500 in GW-7 and W-101. The zone of highest con-

centration covers the lagoon area and portions southeast and
C\ southwest of the lagoons. This distribution is similar to
u that shown by the chloride concentration (see Section 5.2.4).

The dissolved solids concentration in water in Lagoon 2 on
n May 31, 1978 was 11,000.

A possible explanation for the high dissolved solids
f, concentration in the groundwater near the lagoons is that either

or both of lagoons are leaking. Another possiblity is that
discharge of effluent into the "acid pits" prior to 1971
caused an increase in the dissolved solids concentration near
the lagoons which is still contaminating the groundwater.

5.3.7 Summary

The areal distributions of each groundwater
quality parameter were plotted and are shown in Pigs. 8 through
13. This section is intended to present a summary of these

'• \ figures so that consistent trends can be shown.

A trend which is evident in the distribution plots is
r\ that a zone of high chemical concentration exists in the
•j vicinity of the lagoons which is also the location of the

former "acid pits." The pH distribution is an exception in
r> that the pH of the groundwater varies from about 4 to 7 in
:| the vicinity of the lagoons, apparently independent of the
~" lagoon locations. The quality of water inside Lagoon 2 on

May 31, 1978 -was similar to the quality of surrounding ground-
'"I water except for pH as noted above. The groundwater quality
•J can be attributed to leakage of the lagoons. However, remnant

loads of contaminants from discharges into the "acid pits"
?i prior to 1971 may still be affecting the groundwater quality
J in the area.

^ GW-10 and GW-12 have relatively low concentrations of
•: chemicals while GW-11 has high concentrations. The ground-
-• water flow in this area is difficult to define explicitly

because the variation of groundwater elevation in this area
H is so small that several interpretations of the flow pattern
J are possible. If Lagoon 2 were leaking, then local variations-

of groundwater flow might exist such that GW-11 received
-. contaminated groundwater, while GW-10 and GW-12 received
i ' relatively uncontaminated groundwater.
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- TELEPHONE CONVERSATION MEMORANDUM

C L I E N T MDEQE P R O J . N o . 50086.10

P R O J E C T Olin Chemical D A T E September 25, 1986

T I M E

C A L L T O / F R O M Ran'di Augustine

ext. 2002

R E P R E S E N T I N G Wehran Engineering
Methuen, MA office

P H O N E N o .

SUMMARY OF CONVERSATION:

Randi is investigating Raffi and Swanson, Inc. located on Eames Street, Wilmington, MA.
Their facility is located northeast of the Olin site, approximately 300 feet.

During information search, Randi had contacted Joanne Michaud from the Massachussets
National Heritage Program. Ms. Michaud indicated there are no federally endangered
species in the vicinity of Eames Street. She did indicate that several Massachussets
endangered species were in the area.

Documentation to follow. (Not available at time of printing).

Ms. Joanne Michaud
Massachussets National
Heritage Program

100 Cambridge Avenue
Boston, MA 02202

(617) 727-9194

I C O P I E S T O : B Y :

David B. Tompkins

WEHRAN ENGINEERING
r CONSULTING ENGINEERS
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TELEPHONE CTONVERSATION M E M O R A N D U M

1 MDEQE 5008610
C L I E N T K P R O J . N o .

P R O J E C T Olin Chemical Company D A T E 9/23/86

T I M E

. C A L L T O / F R O M Engineering and Health DeptsR F P R F S F N T T N r;

P H O N E No. H S ̂ icated helnw
>

SUMMARY OF CONVERSATION:

Carol Coggan - Woburn Engineering Dept. - (617) 933-0700

- Sent copies of municipal system map, wells G,H are wells involved in W.R. Grace - Leukemia
problem. Well not utilized any more. Presently obtain two million gallons per day from MDC.

- No information on local wells, they could exist within three miles of site.
•

Mike Taddeo - Reading Engineering Dept. - (617) 942-0500

B - Sent for two copies of municipal system ($7.65)

- No information on private wells

* Reading Health Department - will send a list of private wells with addresses

Burlington Engineering Dept. (617) 272-6700
I

- Will send photocopy of water system; no information on private wells, neither does the Health Dept.

I C O P I E S T O : B Y :

David B. Tompkins

WEHRAN ENGINEERING
CONSULTING ENGINEERS
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SUPERFUND

NATIONAL PRIORITIES LIST SEMINAR

EPA REGION II

ALBANY, NY

The MITRE Corporation April 2-3, 1986
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GROUND WATER

Strength of Hydrploeical Connection

Under what conditions can two aquifers be considered a single hydrologlcal unit for HRS
purposes?

• Literature indicates no confining layers (must be site specific).

• Pumping tests in one aquifer that results in a drawdown in the other pumping
test aquifer.

,>£.-• Contamination shown in deeper layer within the 3-mile radius as a result of S
vertical migration. ^

• Well logs indicate confining layer is not continuous within 3-mile radius (e.g.,
clay lenses embedded in a material that does not constitute a confining layer,
rather than a continuous clay layer).

• USGS indicates that one aquifer provides significant if not total recharge to
the other.

All these factors must be considered and weighed into the determination that multiple
aquifers constitute a single hydrologic unit.

If evidence does not exist to document such a level of interconnection between two

aquifers, then:

• Evaluate the two aquifers separately. \

• Evaluate migration potential to the lower aquifers using route characteristics

rather than the observed release.

Comments Received;

The coalmenter stated that the aquifer of concern is the glacial outwash aquifer which is
bounded to the east and west by confined glacial till aquifers. He concluded that wells
in the glacial till aquifers should not be included in the estimate of population.

The coramenter stated that basal confining layer of shale usually separates the St. Peter
Aquifer from the Prairie du Cttien.

on ___]
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'P. 5.4 Surface Water

^ The analytical results of surface water samples taken
, from December 8, 1977 to April 10, 1978 are shown in Tables 7
{"] through 12. These tables indicate that a wide range of surface
vJ water quality exists on the project site.

'•p 5.4.1 East Drainage Ditch

In order to establish the cause(s) of contaminated
in water in the East Drainage Ditch, each surface water quality
: j parameter was plotted as a function of its location on the
•-1 East Drainage Ditch. The appropriate groundwater quality para-

, meter was put on the same plot at locations of wells along
n Stepan's east boundary. These plots were made for each sampling
J time during this investigation and are shown on Figs. 14 through

19; each figure represents a different water quality parameter.
'/1 The following sections consider these figures in more detail.

5.4.1.1 p_H

A plot of pH of water along the east
-jl boundary of Stepan's property is shown on Fig. 14.

*'\ Figure 14 shows that pH varied between 5.5 and
i.' 6.5 at SS-1 and varied between 5.6 and 6.4 at SS-7 for

all of the sampling times. Therefore, the pH of water
'-•i in the East Drainage Ditch did not change appreciably

i as it flowed from the northern end to the southern end
of Stepan's property, and in some cases, the pH improved,

f[̂  i.e., it moved toward neutrality. The pH of. water in the
[i ditch changed sharply where discharges from the Outlet
J Channel entered the ditch flow. However, the change

varied between an increase and a decrease in pH and the
'~1 change was never more than about 0.8.
J

The pH of the groundwater along Stepan's east
IM boundary shows a change between GW-1 and GW-5. Wells

j GW-1, GW-2, and GW-5 consistently show a pH of about 6,
-: while Wells GW-3 and GW-4 consistently show a pH of about

P 4.3. However, the lower pH of the groundwater near GW-3
"i and GW-4 does not cause the pH of the East Drainage Ditch
J water to decrease significantly (see Fig. 14) even though

groundwater infiltrates into the ditch. Groundwater flow
*"'; into the East Drainage Ditch is probably a snail per-

; centage of the total flow in the ditch, except during dry
periods.
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5.4.1.2 . Acidity

A plot of acidity along the east boun-
dary of Stepan'c property is shown in Fig. 15. All
acidity measurements are expressed in mg/£ as CaCO.,.

Figure 15 shows that acidity of the East Drainage
•n Ditch water varied between 30 and 59 at SS-1 and varied
ij between 80 and 177 at SS-7 for all of the sampling times.

Therefore, there was a consistent increase in acidity of
-, water in the East Drainage Ditch as it flowed from the
;! northern end to the southern end of Stepan's property.

A large portion of this increase was due to discharges
from the Outlet Channel, the largest increase in acidity

''": from these discharges being 94 on March 15, 1978.
v;

The acidity of groundwater in the wells along
:'\ Stepan's east boundary shows a general trend from GW-1
(i to GW-5. Acidity of the groundwater taken from the

wells is many times greater than the acidity of the drain-
.., age ditch water and tends" to be highest near the center
, • of the site, from GW-2 to GW-4. Infiltration of contami-

nated groundwater into the East Drainage Ditch is probably
responsible for the measured increases in acidity of

'] between 5 and 25 in the drainage ditch water as it flows
\J from SS-1 to SS-16.

p 5.4.1.3 Sulfate

A plot of sulfate concentration in the
water along the east boundary of Stepan's property is

1 i shown in Fig. 16. All sulfate concentrations are expressed
'J in mg/i as 304*2.

f] Figure 16 shows that sulfate concentration in the
(j East Drainage Ditch water varied between 12 and 37 at

SS-1 and varied between 240 and 700 at SS-7 for all of
n the sampling times. Therefore, there was a consistent
• ' increase in the concentration of sulfate in the East
-•' Drainage Ditch water as it flowed from the northern end

to the southern end of Stepan's property. A large portion
H of this increase was due to discharges from the Outlet
'-/ Channel, the largest increase in sulfate concentration

' from these discharges being 420 on March 15, 1978.
» i

u
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Figure 16 shows that sulfate concentration in the
groundwater taken from wells along Stepan's east boundary
is much greater than the sulfate concentration in water
of the East Drainage Ditch. Groundwater concentrations

'\ are lowest for GW-1 and GW-2 and tend to be high for
. j GW-3, GW-4 and GW-5. Infiltration of contaminated

groundwater into the East Drainage Ditch is most likely
- \ responsible for measured increases in sulfate concentra-

; tion of between 42 and 133 in the drainage ditch water
as it flows from SS-1 to SS-16.

; 5.4.1.4 Chloride
f -
i

A plot of chloride concentration in the
water along the east boundary of Stepan's property is
shown in Fig. 17. All chloride concentrations are
expressed in mg/i as Cl~.

j Figure 17 shows that chloride concentration in the
East Drainage Ditch water varied between 37 and 200 at
SS-1 and varied between 185 and 400 at SS-7 for- all of

: the sampling times. On the average, for each sampling
time, there was a five-fold increase in chloride con-
centration in the ditch water as it flowed from SS-1

"i to SS-7. The largest portion of this increase was due
' to discharges from the Outlet Channel, the largest in-

crease in chloride concentration from these discharges
, being 180 on March 15, 1978.

Figure 17 shows that the chloride concentration
in the groundwater taken from wells along Stepan's
east boundary is always greater than the chloride con-

.i centration in water of the East Drainage Ditch. However,
there has been a trend from November 11, 1977 to April 10,

-i 1978 for the chloride concentration in the groundwater
! to decrease; on April 10 the chloride concentration in

the groundwater and surface water were similar. Infil-
tration of contaminated groundwater into the East
Drainage Ditch is probably responsible for the measured
increases in chloride concentration of between 33 and 100
in the drainage ditch water as it flows from SS-1 to

"• SS-16.

5.4.1.5 Ammonia
i

; A plot of ammonia concentration in the
water along the east boundary of Stepan's property is
shown in Fig. 18. All ainmonia concentrations are ex-
pressed in mg/2, as NH.C1. ~

v .
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Figure 18 shows that anunonia concentration in

the East Drainage Ditch water varied between 0.5 and
7 at SS-1 and varied between 270 and. 780 at SS-7 for
all of the sampling times. Therefore, there was a
consistent increase in the concentration of ammonia
in the East Drainage Ditch water as it flowed from the
northern end to the southern end of Stepan's property.
The most significant cause of this increase was the
discharge from the Outlet Channel which increased the
ammonia concentration of the ditch water by at least
245 each sampling time.

Figure 18 shows that the ammonia concentration
in the groundwater taken from wells along Stepan's
east boundary is consistently greater than the ammonia
concentration in water of the East Drainage Ditch. GW-1
consistently has the lowest ammonia concentration of
the wells along the east property boundary. The anunonia
concentration tends to increase from GW-2 to GN-4 and
then drops at GW-5. Infiltration of contaminated
groundwater into the East Drainage Ditch is probably
responsible for the measured increases in ammonia con-
centration of between 24 and 61 in the drainage ditch
water as it flows from SS-1 to SS-16.

5.4.1.6 Dissolved Solids

A plot of dissolved solids concentration
in the water along the east boundary of Stepan's property
is shown in Fig. 19. All dissolved solids concentrations
are expressed in mg/2. as CaCO...

Figure 19 shows that dissolved solids concentra-
tion in the East Drainage Ditch water varied between 81
and 130 at SS-1 and varied between 405 and 775 at SS-7
for all of the sampling times. Therefore, there was a
consistent increase in the concentration of dissolved
solids in the East Drainage Ditch water as it flowed
from the northern end to the southern end of Stepan's
property. This increase was partly due to the discharges
from the Outlet Channel which caused increases in con-
centration as high as about 650.

Figure 19 shows that the dissolved solids con-
centration in the groundwater taken from wells along
Stepan's east boundary is consistently greater than the
dissolved solids concentration in water of ' the East
Drainage Ditch. Dissolved solids concentration in the
groundwater is generally lowest at GW-1 and GW-2 and
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tends to increase in GW-3, GW-4, and GW-5. Infiltra-
tion of contaminated groundwater into the East Drainage
Ditch is probably responsible for the measured increases
in dissolved solids concentration of between 55 and 104

H in the drainage ditch water as it flows from SS-1 to
•J SS-16.

5.4.1.7 Summary
\ i

This section summarizes the trends
observed from analytical results of surface'water and

] groundwater samples along the east boundary of Stepan's
J property, i.e., the East Drainage Ditch samples and

groundwater samples from GW-1 to GW-5. These analytical
;;_ results have been plotted for each water quality para-
;/ meter in Figs. 14 through 19.

These figures show that water in the East Drainage
j Ditch becomes more contaminated as it passes from Stepan's

north property line to Stepan's south property line.
The major cause for this contamination is the discharge

"j into the East Drainage Ditch from the Outlet Channel.
I In addition, Figs. 15 through 19 show that water in the

East Drainage Ditch gradually becomes more contaminated
i as it flows from Stepan's north property line to the
' Outlet Channel (SS-1 to SS-16). Figure 14 shows that pH

of water in the East Drainage Ditch remains either un-
changed or becomes slightly more neutral from SS-1 to
SS-16.

The gradual change in water quality from SS-1 to
\ SS-16 can be attributed to groundwater infiltration into
.. the East Drainage Ditch. Concentrations of all parameters,

except pH, in the groundwater are considerably higher than
-| concentrations in the East Drainage Ditch water as shown

\ by Figs. 14 through 19. Therefore, a small amount of
groundwater flow into the ditch can noticeably raise the

, chemical concentrations in the ditch water.
':

On the basis of groundwater elevation measurements
and surface water elevation measurements, it has been

1 concluded that qroundwater from the Stecan property flows
' into the*East Drainage Ditch (see Section 4.3.1). An

attempt was made to determine the quantity of flow in
the East Drainage Ditch caused by groundwater flow into

• the ditch. An accurate determination of this quantity
could not be determined for the following reasons:

1) Based on in situ permeability measurements
and the assumed hydraulic gradient, the
quantity of groundwater flow is snail.
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2) The flow of water in the East Drainage
"^ Ditch was too small to measure accurately;
•i* hence the difference in flow at the north

and south boundaries could not be used to
"^ estimate the groundv/ater flow.
w*

r^ 5.4.2 Outlet Channel

J The increase in contamination of water in the East
Drainage Ditch from Stepan's north property line to Stepan's

"; south property line (SS-1 to SS-7) is mainly due to discharges
- into the ditch from the Outlet Channel.

^ Figure 21 shows the major drainage-ways upstream of the
J Outlet Channel and the surface sampling stations on these

drainage ways. To trace sources of pollution upstream of the
^ Outlet Channel, the ammonia concentrations of water upstream
j of the Outlet Channel on April 10, 1978 were considered (these

-* ammonia concentrations are given in Table 11) . The ammonia
concentrations, expressed in mg/i as NH^Cl, are shown on

"1 Fig. 21 next to the appropriate surface sampling stations.
J

The sampling locations farthest upstream of the Outlet
-« ' Channel are the Headwall on the West Drainage Ditch (SS-10)
j and the West Pond (SS-15) which is west of the Stepan property

line. These two locations show relatively low concentrations
of ammonia.

-* Water flows from the West Pond to SS-12 on Stepan's
property. Sampling Station SS-12 is just inside the Stepan

1 property line about 300 ft downstream of the West Pond. In
.J this distance, the ammonia concentration increases from 3

at SS-15 near the West Pond to 550 at SS-12, which La believed
-< to be caused by contaminated groundwater infiltrating into the
J drainage ditch downstream of SS-15. In Section 4.3.2, it

was established that the elevation of the groundwater in the
area of SS-12 was higher than the elevation of the drainage

\ ditch water, and hence groundwater infiltration into the
•J ditch near SS-12 does occur. The groundwater well in this

area (GW-11) typically has very high concentrations of
~\ ammonia.
:j

Water flows from SS-12 to the junction of the North and
South Drainage Ditches. At this junction, part of the water

j flows into the North Drainage Ditch and part flows into the
South Drainage Ditch. As water flows from SS-12 to a point
200 ft downstream on the South Drainage Ditch (SS-14), the

"^ ammonia concentration increases from 556 to 630. This increase
i is probably due to infiltration of contaminated groundwater
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j
6. LAGOONS

Information on the design and construction of the lined
lagoons at Stepan Chemical Company has been difficult to
obtain because of the lack of documentation. This chapter is

** intended to (1) provide information on the lagoons made avail-
able to GEI, (2) document observations made by GEI of the

m i lagoon performance, and (3) arrive at conclusions of the
J liner integrity.

"* Construction of Lagoon 1 was completed in January 1972,
«• J and construction of Lagoon 2 was completed sometime in 1973.

Information on the lagoon design was obtained from two drawings,
— both entitled "Layout Lined Disposal Area, National Polychemicals,

w ; Inc., Wilmington, Mass.," by Dana F. Perkins and Sons, Inc.,
•* dated September 2, 1971 and June 28, 1973. These drawings

show that the lagoons were to be constructed at the location
"1 of the former "acid pits" (see Fig. 2). The bottoms of the

"* J liners were to be placed on natural ground and the sides of
the liners were to be placed on either natural ground or a

•^ fill layer. The drawings show that a polyvinyl chloride (PVC)
•» j liner was to be used for Lagoon 1; no mention of liner type

was given for Lagoon 2. The liner type was determined to be
_ PVC for both lagoons through discussions with Stepan Chemical
y Company personnel. The thickness of the liners was measured t

"* •• in the field by GEI (at an exposed portion) and found to be '
0.020 in. (20 mil) thick. The design drawings indicate that

1 the liners were to be exposed at the ground surface and that
•» j no protective layer was to be placed on top of the liner sides

or bottom. Field observations by GEI confirm that the lagoon
-^ liners are exposed at the surface and that exposed portions

^ ? are in varying degrees of deterioration. Tears and holes in
* portions of the liners exposed at the ground surface have been

observed.

The manufacturer of the PVC liners was determined from j
Stepan personnel to be Firestone Coated Fabric Co. Firestone

*> personnel indicated that they no longer sell liners of the
j type used at Stepan Chemical Company. Firestone could not

provide GEI with specific information on the PVC liners installed
- at Stepan. Stepan personnel indicated that construction of
} Lagoon 1 was inspected by a representative of Firestone but

that no construction records for the lagoon could be found.
According to Stepan personnel, the liners were placed on natural

1 ground which had been cleared of large stones. According to
i Dana F. Perkins and Sons, Inc. personnel, the groundwater tab le-

v/as lowered to allow construction of the lagoons in a dry
*l excavation. The details of the dewatering system and ground-
j water elevation records during construction could not be found.
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TABLE 7 - ANALYTICAL RESULTS OF SURFACE WATER SAMPLES
STEPAH CHEMICAL COMPANY
WILMINGTON, MASSACHUSETTS

pH
(1)

r i
i ! 1977- 1978

i I

'

n
i j

^j
]

Surface
Sampling
Station No.

SS-1

SS-2

SS-3

SS-4

SS-5

SS-6

SS-7

SS-8

SS-9

SS-10

SS-11

SS-12

SS-13

SS-14

SS-15

SS-16

SS-17

Dec 8

'6.3

6.3

6.1

6.3

4.9

5.7

5.8

4.9

(2)

6.2

6.2

4.4

-

-

-

-
«•

Jan 19

6.5

6.4

6.4

6.5

5.1

5.6

5.8

(2)

(2)

7.1

7.3

4.7

(2)

(2)

(2)

-

-

Feb 21

6.2'

6.3

6.2

(2)

' (2)

6.4

6.3

(2)

(2)

9.8

9.4

4.6

(2)

(2)

(2)

-

-

Mar 15

5.7

-
5.7

5.7

4.9

5.4

5.6

5.5

(2)

8.1

6.5

4.2

(2)

(2)

5.3

5.7

6.1

' Apr 10

5.5

-
5.8

5.9

6.7

6.1

6.1

6.3

5.2

8.4

7.7

4.1

4.0

4.2

4.4

5.8

-

i, j

Notes;

(1) This analysis waa carried out using the method described in
Standard Methods for the Examination of Hater and fiastewater,
13 ed., An. Public Health Assoc., Washington, DC, 1971.
Specific reference is as follows: 144A pH, p. 276.

(2) Frozen - no sample obtained.

Geotechnical Engineers Inc. Project 77348
June, 1978

i
j
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TABLE 11 - ANALYTICAL RESULTS OF SURFACE WATER SAMPLES

STEPAN CHEMICAL COMPANY
WILMINGTON,. MASSACHUSETTS

Ammonia (1)

mg/Z as NH4C1

1977 • 1978

; i.j

: i
..j

'I
J

J

Surface
Sampling
Station No.

SS-1

SS-2

SS-3

SS-4

SS-5

SS-6

SS-7

SS-8

SS-9

SS-10

SS-11

SS-12

SS-13

SS-14

SS-15

SS-16

SS-17

Dec 8

1.8

3.0

27

63

560

430

340

600

(2)

6.0

460

800

-

-

-

-

-

Jan 19

1.5

1.5

16

25

1040

440

380

(2)

(2)

34

160

1200

(2)

(2)

(2) .

-

-

Feb 19

1.8

2.8

18

(2)

(2)

800

780

(2)

(2)

110

380

1700

(2)

(2)

(2)

-

-

Mar 15

0.5

-
95

25

520

350

380

520

(2)

150

290

900

(2)

(2)

3

30

43

Apr 10

7

-
9

36

425

285

270

490

1050

10

180

550

100

630

3

40

-

i
I
J

Notes;

(1) This analysis was carried out using the method described in
Standard Methods for the Examination of f/ater and Hastewater,
13 ed., Am. Public Health Assoc., Washington, DC, 1971.
Specific reference is as follows: 132C Phenate Method, p. 232.

(2) Frozen - no sample obtained.

Geotechnical Engineers Inc. Project 77348
June, 1978



TABLE 12 - ANALYTICAL RESULTS OF SURFACE WATER SAMPLES
STEPAN CHEMICAL COMPANY
WILMINGTON, MASSACHUSETTS

Dissolved Solids

og/i as CaCO.

(1)

• 1977 1978

j
*

Surface
Sampling
Station No.

SS-1

SS-2

SS-3

SS-4

SS-5

SS-6

SS-7

SS-8

SS-9

SS-10

SS-11

SS-12

SS-13

SS-14

SS-15

SS-16

SS-17

Dec 8

114

120

150

218

999

563

512

1178

(2)

124

240

1922

-

-

-

-

-

Jan 19

106

101

125

165

945

538

515

(2)

(2)

152

302

1160

(2)

(2)

(2)

-

-

Feb 21

94

81

112

(2)

(2)

775

775

(2)

(2)

122

285

2327

(2)

(2)

(2)

-

-

Mar 15

81

-
82

116

770

597

605

927

(2)

238

328

1035

(2)

(2)

47

136

86

Apr 10

130

-
144

231

- 775

450

405

892

1581

141

310

749

481 f

1106

41

218

-

Notes;

(1) This analysis was carried out using th« method described in
Standard Methods for the Examination of Water and Kistewatar,
13 ed., An. Public Health Assoc., Washington, DC, 1971.
Specific reference is as follows: 226 Specific Conductance,
p. 550. Specific conductance was converted to mg/Z as CaCO.
using a conversion table in Hach Methods Manual, 8 ed.,
Hach Chemical Company, Ames, Iowa, 1972.

(2) Frozen - no sample- obtained.

Geotechnical Engineers Inc. Project 77343
June, 1978
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TABLE 13 - AVERAGE ANALYTICAL RESULTS OF
GROUHDMATER SAMPLES FOR SAMPLING
PERIOD NOV. 11, 1977 70 APRIL 10, 1978
STEPAN CHEMICAL COMPANY
WILMINGTON, MASSACHUSETTS

(1)

Groundwater
Well Ho.

GW-1

GW-2

GW-3

GW-4

GH-5

GW-6

GM-7

GW-Q

GW-10

GW-11

GW-12

w-ioi<2)

PH

6.1

6.0.

4.4

4.3

6.0

8.0

4.0

5.8

4.3

7.9

5.5

3.4

Acidity
mq/4

as CaCO

106

354

332

414

223

572

1922

369

70

1252

32

692S

Sulfate
ng/i

as SO.
4

109

14

616

- 515

683

5000

7150

1725

7

4730

14

15000

Chloride
mgA_
as Cl

386

236

721

1035

700

3675

5100

880

33

4975

77

3500

Ammonia
mj/t

as NH Cl
4

17

179

240

582

232

17160

5010

1310

1

17370

1

3700

Dissolved
Solids
rag/i

as CaC03

356

299

565

1020

850

5692

7375

1807

44

6854

40

7700

Notes: (1) Refer to note (1) of Tables 1 through 6 for methods of analysis.

(2) W-101 sampled on May 31. 1978 only.

Geotechnical Engineers Inc. Project 77348
June, 1978
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TABLE 14 - ANALYTICAL RESULTS
OF LAGOON WATEH

•

! I
Li

n
J

Sample

Hater from
Lagoon 2-

TaJcen
May 31. 1978

PH

1.4

Acidity
mg/l

as CaCO.3

7217

Sulfate
mg/l_2

as SO,4

15600

Chloride
mg/i

as Cl

4750

Ammonia
mg/i

as NH,C14

4700

Dissolved
Solids

IttQ/l
3as CaCO

11000

1

Note: Refer to Note (1) of Tables 1 through 6 for methods of analysis.

Geotechnical Engineers Inc. Project 77348
June, 1978
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TABLE 18 - GROUNDMATER ELEVATIONS
STEFAN CHEMICAL COMPANY
WILMINGTON, MASSACHUSETTS

Groundwater
Well No.

GW-1

GW-2

GW-3

GW-4

GW-5

GW-6

GW-7

GW-8

GW-10

GW-11

GM-12

W-101

Elevation
of Top of
Protective
Casing
(ft)

89.4

89.7

88.1

82.3

79.4(2)

88.9

84.8

80.4

89.6

87.4

85.6(3>

89.7

Elevation
of

Ground
Surface
(ft)

87.8

87.6

85.4

79.8

76.3

87.2

82.7

77.8

87.1

85.6

R2.0

89.3

Groundwater Elevation, (ft)

1 9 7 7

Nov 2

79.9

79.7

80.5

76.8

76.4

82.6

79.5

75.9

81.1

81.1

80.9

-

Dec 8, 9

78.0

79.7

81.1

77.1

76.9

83.1

79.8

76.2

81.3

81.3

81.9

-

1 9 7 8

Feb 22

79.1

80.6

81.2

77.8

Frozen

83.5

80.5

76.7

82.1

62.1

82. 7

-

Mar 15

78.5

79.9

81.1

77.8

Frozen

83.0

80.5

76.4

81.6

81.6

, 82.2
1

Apr 5

82.0(4)

80.2

82.0

77.3

77.3

R3.8

80.2

76.3

82.1

81.5

82.0

-

Apr 10

78.7

80.5

81.5

77.2

77.1

83.5

79.9

76.2

01. 8

82.4

82.0

-

Hay 31

78.5

79.9

81.9

77.0

76.7

83.0

79.5

75.6

81.4

81.3

81.9

92,0

Average
of All
Readings

78.8

80.1

81.3

77.3

76.9

83.2

80.0

76.2

81.6

81.6

82.0

82.0
Notes: 1) Elevation datum is USGS Mean Sea Level.

2) Prior to May 31, 1978, tha top of casing was at El 79.7 ft.
perform a permeability teat and replaced to El 79.4 ft.

3) Prior to May 31, 1978, the top of casing was at El 85.3 ft.
perform a permeability teat and replaced to El 85.6 ft.

4) This reading is unusally high because of repairs to a nearby
was not used to compute the average groundwater elevation in

Geotechnical Engineers Inc.

The casing was removed to

The casing was removed to

sewer line. This reading
GW-1.

9

f.

U".

Project 77348
June, 1978
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3. Background^
3.1 Description -continued

At the time when the aerial photograph presented in Figure 3 was
taken (April 24, 1971), three acid pits existed to the south of the
processing facilities. These pits have been replaced by rectangular
settling basins as shown in Figure 4 (photographed on April 29,
1977). An extensive area of distressed vegetation is present in the
east-central portion of the property. Also on the property are
eleven large storage tanks noted in Figure 4. there are twelve
wells on the property as noted in Figure 2.

3.2 Primary Site Activity:

Several chemicals have been synthesized on-site from a variety

of ingredients. The processes used and the final products are as
follows (quantities based on 1973 production figures):

Opex Process - Dinitropentamethylenetetramine (DNPT), a
slightly water soluble solid used as a blowing
agent in the production of expanded rubber
compounds, 1.2 million pounds per year.

Kempore Process - Azodicarbonamide (Kempore}, also a slightly
water soluble solid used as a rubber blowing
agent, 1.6 to 1.8 million pounds per year.

/ /

Wytox Process - Wytox, a liquid phosphite rubber stabilizer,
one million pounds per year.

Wytox ADP-X Process - Dioctyldiphenylamine (DOOPA), a dark colored

resinous solid, 600,000 pounds per year.

O.B.S.H. Process - Oxybisbenzenesulfonylhydrazide (OBSH), a

rubber blowing agent, 300,000 pounds per
year.
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3. Background:
3.2 Primary Site Activity - continued

Raw materials and waste products for the preceding processes are
listed in Table 1. Only those waste products discharged into the
yard or floor drainage system are listed. The drainage system is
shown in Figure 5.

In addition to the above processes, numerous coatings for rubber
products were produced on site. The following chemicals were used
to produce the coatings:

Bentone
Santocel
Ufamite MM 67
Toluene
Butyl acetate
Acrylic Resins
Maleic Anhydride
Glycerine
Fatty Amines
Si 11 cone
Monoethanolamine
Mineral 011

re<-yclea paper (-v.il..|!% an.l <-min>nm.-ii<. inc.

1 - 8
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Figure 5 -
Process Sewer System
up to mid-1971
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3. Background:

3.2 Primary Site Activity - continued

TABLE 1 - Raw Materials and Waste Products Associated With Chemical

Processes Used by National Polychemicals, Inc. and Stepan

Chemical Company between 1953 and 1978.

Process Raw Materials Waste Products

Opex anhydrous ammonia
formaldehyde
sodium nitrite
hydrochloric acid

sodium chloride
formaldehyde
sodium nitrite
process oil

Kempore liquid chlorine
urea
sodium hydroxide
sulfuric acid
hydrazine

sodium sulfate
sodium chloride
ammonium sulfate
urea
sulfuric acid

Wytox phosphorous trichloride
paraformaldehyde
nonyl phenol

None sewered

Wytox ADP-X diphenylamine
diisobutylene
aluminum chloride

diisobutylene
aluminum hydroxide
sodium chloride

O.B.S.H. diphenyloxide
chlorosulfonic acid

sulfuric acid

paper 1 - 10
mill rntiniiimriii. inc.
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3. Background:
3.2 Primary Site Activity - continued

According to MOC records, the fol lowing materials were being stored
on-site as of June 30, 1980:

Annual Type of Storage Size of

MATERIAL BEING STORED: Thruput Container • Container

1.

2.

3.

4. '

5.

6.

7.

•

Formaldehyde

Nonyl phenol

Dinonyl phenol

Ethyl hexoic acid
s.

Dioctylphthlate

Process 011

TNPP (Wytox 312)

(gals.)

172,500

281,600

30,500

18,400

54,200

11,800

50,000

(tank, drum, etc.)

Tank

Tank

Tank

Tank

Tank

Tank

.Tank

(gals.)

13,300

10,000

6,700

5,000

15,000

4,250

10,000

Chemicals used or manufactured at this site are transported in

55-gallon drums by rail car.

3.3 Secondary site activity:

Not applicable



F1-8005-01F

3. Background:

3.4 Hazards Identified or Alleged - continued

Water 27,500 Ibs.

Gypsum 26,800 Ibs.

CaC03 650 Ibs.
Calcium Oxbisbenzene Sulfonate Trace

Na2S04 Trace

Al (OH)3 Trace
NaCl Trace
CaCl2 Trace
Formaldehyde Trace

NaN02 - Trace
NH4C1 Trace

TOTAL 54,950 Ibs. = 27.5 Tons/Day

A study performed in 1979 by Geotechnical Engineers, Inc. of

Winchester, Massachusetts, indicated that several holes exist in the

PVC liner (See Figures 6 to 8). It was also discovered that sludge
has been dumped in an emergency lagoon when the two existing lagoons

filled to capacity (See Figure 4). This emergency lagoon had no liner

and was formed by dredging soil to form a roughly rectangular area.
Solids from the lagoons are dredged periodically and landfilled on the
southwest corner of the property. The landfill site was approved by

the State Department of Environmental Quality Engineering (DEQE). The
analysis of the sludge indicates that no environmental hazards would
result from leaching of the lagooned or landfilled materials into the

ground.

Non-sulfate bearing wastes generated on-site are presently

discharged into an underground sewer line which connects to a Town of
Wilmington owned sewer. This line connects to a Metropolitan District
Commission (MDC) sewer line. Complaints regarding high chloride,
sulfate and ammonia levels in the sewer effluent have been made on

\.j jjji'-j." rvi»lnj»» itntl riiMnuiuif ill. til*.

several occasions.
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3. Background:

3.4 Hazards Identified or Alleged - continued

An unofficial report from a former Stepan employee indicates that

phosphorus trichloride was often dumped directly into the ground and
that residues were buried next to the wetlands near the drainage
channel. Sediment and ground water samples were taken in an attempt

to confirm or deny the existence of an environmental hazard resulting
from such alleged activities.

A 1977 aerial photograph shows two areas where drums were stored

on-site (See Figure 4). Leaks in these drums may have resulted in
ground water contamination. The 1971 photo (Figure 3) also reveals a
spill generating from the group of six large storage* tanks on the east
side of the property. Since 1973, "black ooze" has been noted seeping

into the drainage ditch paralleling the railroad tracks east of the

site (Figure 9). A sample was taken by the E & E, FIT team on October
2, 1980, (See memo to John Hackler from David Cook dated October 6,
1980). A conversation between D. Cook (E & E ) and D. Vaughn (Olin)
revealed that dioctylphthalate, dimethylamine, dioctylamine and other
related compounds are present in the "black ooze" as well as in Well
GW-2 (See Figure 2). This was determined by an analysis performed by
Olin. Mr. Vaughn was very hesitant to have Well GW-2 sampled. He
stated that he knew the well was contaminated and Olin was prepared to

perform remedial actions of an undisclosed nature to rectify the
situation.

The drainage ditch mentioned above has been the object of
sampling and analysis on several occasions. On January 23, 1980, five
samples were collected by the EPA and subsequently analyzed for

purgeable organics. The results indicated the following:

1. Moderate to high levels of 1,1 - dichloroethane, 1,1,1 -
trichloroethane, trichloroethylene, toluene and xylene are present

upstream of Stepan/Olin.

f f -V IPaa-- - - ! 1 1C «•,.!...» ami in.ninrnl.iiir.
r^.ipap.. .-< 1 - 1 6
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3. Background:

3.4 Hazards Identified or Alleged - continued

2. Moderate to high levels of 1,1,2 - dichloroethylene and 1,1,2 -
trichloroethane in addition to the five chemicals listed under (1)
are present downstream of Stepan/Olin.

3. Therefore, some chlorinated hydrocarbons may be leaching from
Stepan/Olin into the drainage ditch.

4. Analyses of the outfalls from Stepan/Olin do not indicate
significant off-site migration of contamination.

Priority pollutant samples were taken from the drainage ditch
paralleling the railroad tracks on July 28, 1980. Analyses of samples
taken upstream and downstream of the Stepan/Olin property suggested
that small amounts of the priority pollutants listed in Table 2 are
generating from the site.

The primary purpose of this site inspection was to gather
appropriate samples for analysis to determine if any ground or surface
water contamination is generating from Olin property. The sampling
plan is presented in Section 4, and the sampling procedures and
screening results are included in Section 7.2 of this report. The
preliminary results indicate that, with the exception of the "black
ooze" and significant amounts of residual heavy hydrocarbons noted in
Section 7.2, no significant sources of contamination are present on
site. Evidence of buried drums was noted just west of the headwall
(See Figure 2). However soil, surface water and groundwater revealed
no evidence of hazardous chemicals generating from the burial site.

4. Concept of Operation^

A seven-person team entered this site to identify the nature of
materials stored on site, investigate possible sources of
contamination and collect appropriate samples for screening and
analysis.

1 - 18
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Table 2;

Priority Pollutants Suggested To Be Entering the East Drainage Ditch from Olin Property
(Based on July 28, 1980 Priority Pollutant analyses)

CONTAMINANT METHOD OF CONTACT HEALTH EFFECTS

Trichloroethylene Inhalation: Headache, nausea, drowsiness
Chronic Inhalation: Possibly liver damage.

(This hag not been documented in Humana).
Inhalation of large May cause narcosis
quantities:
Ingestion: Possibly liver damage.

(This has not been documented in humans).

Note: TCE is an experimental animal carcinogen, (rats).
1979 recommended ambient water quality criterion 2ug/l
Based on tumors in rats and not on human health affects.

N-Nitrosodiphenylamine Ingestion only Not an inhalation hazard.
Toxicity: This compound belongs to the class of

nitrosamines.

Note: Nitrosamines are suspected human carcinogens. There are no human data, but
nitrosamines do cause tumors of the stomach, lung, liver, bladder and kidney in
rats. The class criterion is 0.Vug/1 water (ambient water) based on tumor
formation in rats.

Bis (2-Ethyl hexyl) phthslata

Note: Phthalates are non-biodegradable and potential aquatic hazards. They have no
documented human health effects that may be associated with environmental hazards.

Phthalates are used as plasticizers in latex materials and are often used in medical
equipment such as IV infusion sets.

Phthalates may leach off of such equipment and are suspected in the etiology of
shock lung syndrome when Injected intraveneously.

1,1,2 - Trichloroethane Toxicity - Inhalation: Narcotic, local Irritant may (B -
cause liver and kidney damage.

Ingestion: Local irritant (in 1 ug/1 concentrations)
suspected to causa liver and kidney damage

Note: It may be a percutaneous hazard - when hands are immersed in concentrated liquid
(only).,

1,2 - trans-Dichloroethylene Toxicity: low toxicity except when exposed to
concentrated vapor - nausea, vomiting,
dizziness with immediate recovery upon removal
from exposure.

Ingestion: Ingestion of concentrated liquid - hausea,
vomiting.

Note: 1,2 - DCE is a dermatitis producing agent. It is not percutaneous.

Vinyl Chloride;

Note: A well-known human carcinogen. 1979 arrbient WQ criterian = 51 ug /I based on
tumor-production in rats

18 A
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TABLE 3 - Parameters for Monitoring Wells on the Olin Property in

Wilmington, Massachusetts

Depth of Well Water Table Depth of Screened

Well t (ft.) Depth (ft.) Section (ft.)

GW - 1 21.2 9.0 14.0 - 19.5

GW - 2 15.0 7.5 9.5 - 14.5
GW - 3 22.0 4.2 10.0 - 15.0
GW - 4 13.5 . ' . 2.5 _-8.0 - 13.0
GW - 5 12.0 0 5.0 - 10.0

GW - 6 18.0 4.0 8.2 - 13.2

GW - 7 14.0 2.6 8.5 - 13.5

GW - 8 10.2 1.5 3.2 - 8.2

GW -10 24.0 5.4 4.8 - 9.8
GW -11 17.0 3.9 9.0 - 14.0

GW -12 12.7 0 4.8 - 9.8

All wells have inside diameters of 1.5".

Location of wells is shown in Figure 2 of this report.

All well parameters are from: Report on Groundwater and Surface

Water Study - Stepan Chemical Company, Wi lmington ,

Massachusetts: Geotechnical Engineers, Inc. Winchester,

Massachusetts, December 6, 1978.

1 - 21
r r i i l» i f£% wml rminmmrm. in**.
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6. Site Entry Team and Schedule of Events

6.2 Schedule of Events - continued

Team 1:_ .

1615 - Teams 1 and 2 reunite at van and proceed to decon personnel
and equipment. Chain of custody forms are completed and D.
Vaughn of Olin signs for split samples transferred to him.

1640 - Site Inspection completed, team returns to office.

7. Results of Investigation

7.1 Site Representative Interview:

A detailed interview regarding the processes used on site was

not necessary as this information was gathered during the

preliminary assessment and is incorporated, into Section 3.2 of this

report. Mr. David Vaughn, Environmental Coordinator for Olin

Chemicals Group, did confirm the presence of dioctylphthalate,
diphenol amine, dioctylamine and other related chemicals in the
"black ooze" seeping into the East Drainage Ditch. The seepage
appears to be the result of a spill generating from the tank farm

( which took place during or prior to 1973. Presented in Appendix C
is a letter from Charles P. Ri.ley, Jr., General Manager of National

Polychemicals to Thomas C. McMahon,- Director of Massachusetts Water

Resources Commission, dated July 18, 1973, describing the presence
of "black ooze". Mr. Vaughn also confirmed the presence of
contamination in Well GW-2 related to this spill and was hesitant to
have us sample this well prior to undisclosed remedial action

planned by Olin.

Mr. Vaughn expressed his desire to obtain duplicate samples and
photographs associated with the site inspection.

1 ~ 2 7 «-«-nl«n» uml .•tivirimnii-iil. iiir.
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Glin CHEMICALS GROUP

SI lAMZa STRICT, WILMINOTON, MA O1MT

June 10, 1986

Mr. Peter Dore
Commonwealth of Massachusetts
Division of Water Pollution Control
One Winter Street
Boston, MA 02108

Dear Mr, Dore:

Please find attached the results from Olin's plant-wide groundwater studies
conducted in May and December 1985. In May 1985, wells were sampled throughout
the site on a one-time basis for total and hexavalent chromium and groundwater
table measurements were taken. Total chromium occurrence remains highest at
Well GW-22D, as previous reports have, indicated. Hexavalent chromium levels are
either below the detection limit or just above. Groundwater movement is
generally to the east-southeast (see Figure 1). Based on these results and the
direction of groundwater flow, ten (10) wells were selected to continue the
chromium groundwater study in December 1985. From these results, it does not
appear that there 1s any significant movement of chromium to the east-southeast.

A hydrogeologlcal study performed for OHn by Malcolm Pirnie, Inc.
(Hydrogeologlc Investigation, February, 1982) indicated the presence of a
bedrock trough dipping from the east to the west 1n the vicinity of GW-22D. In
order to evaluate 1f this trough 1s serving as a conduit for groundwater flow to
the west and to provide additional monitoring of groundwater flow to
east-southeast, twelve (12) new wells are planned for Installation this summer
(See Figure 2). Eight (8) will be along the western border of the property and
four (4) will be to the east-southeast of GW-22D. Three (3) additional surface
stations will also be added to the sampling program in 1986. These additional
wells and surface stations will help determine if there is groundwater movement
to the west and whether 1t 1s the source of the total chromium appearing at
surface stations 5 and 12. Additional details relating to sampling for 1985 and
1986 are provided below:

Initial analytical results for the May 1985 samplings Indicated that the
total chromium level 1n Well GW-22D was less than 0.005 mg/1 (BDL). This result
was questioned by Olin as this well has been reporting higher levels of total
chromium. Upon rerunning and rechecking the analytical results, the outside
laboratory indicated that a level of 170 mg/1 of total chromium by EPA Method
218.1 was the more precise measurement and that there was a strong negative bias
in utilizing EPA Method 218.3 for total chromium measurements. As indicated in
our previous correspondence, there has been some question as to which method
(218.1 vs. 218.3) was the best method to determine total chromium due to the
level of dissolved solids 1n the groundwater. To resolve this matter, samples

O L I N C O R P O R A T I O N



Mr. Peter Dore
Page 2
June 10, 1986

taken 1n December 1985 were analyzed by our contract laboratory using EPA Method
218,1 as well as sent to another outside laboratory for analysis by inductively
coupled plasma EPA Method 200.7. Results between both laboratories in December
1985 showed very good correlation and verify that Method 218.1 1s the
appropriate method for analyzing for total chromium at Wilmington.

The next round of sampling 1s scheduled for June 1986. The ten (10) wells
sampled in December 1985 along with the three (3) additional surface stations
will be sampled. The twelve (12) new wells to be Installed may not be in place
at this time. However, as soon as the wells are Installed and developed, they
will be sampled. All groundwater and surface stations will be analyzed for
chlorides, sulfates, ammonia, pH, specific conductance, total chromium (EPA
Method 218.1) and hexavalent chromium (EPA Method 218.4).

As always, we look forward to and welcome any comments you may have on our
continuing groundwater monitoring program. We will be contacting you shortly to
discuss this program as well as the .Interceptor well system's future operation."

Yours truly,

OLIN CORPORATION

Ronald J.'^McBrien
Plant Manager

RJM/JWO/vrp



OLIN CORPORATION
SURFACE WATER DATA
DECEMBER, 1985

Point No.

SS-5

SS-12

SS-16

Cl
(«g/l)

230

320

110

SO NH

620 190

1000 2*0

210 **

PH

5.8

5.2

5.5

Specific Conductance
(imhos/cn)

2600

5100

960

Chromium
Total
(mg/1)

2.5

0.52

0.29

Chrooiium *
Total

(-9/D

2.3

0.53

0.30

Chromium 3

Hexavalent
(mg/1)

<0.005
A

<0.005 *

<0.005

1. Total chromium, direct aspiration - EPA Method 218.1
2. Total chromium, inductively coupled plasna - EPA Method 200.7
3. Hexavalent chromium, chelation-extraction - EPA Hathod 218.4

JWO/vrp

53/JW08

5/27/E6
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OLIN CORPORATION

CROUNDWATER DATA
DECEMBER, 1985

Well No.

CW-10

CW-17S

CW-17D

CW-18S

CW-180

CX-19S

CK-19D

CW-22S

CW-22D

Water Elevation
(Ft HSL)

Not accessible

80.9

78.6 (would not

78.6

Dry

74.2 (would not

81.0

80.9

81.7

80.4

Cl

(mg/1)

4.2

recover) —

340

--

recover) —

18

160

200

16000

SO NH
(mg/1) (mg7l)

15 <1

—

6000 340

..

._

1000 22

680 170

1100 150

53000 6400

Specific Cond.
(Vknhos/cm)

165

—

5125

—

,

3850

3425

4100

28000

Chromium
Total

pH ' (mg/1 )

3.9 0.006

—

5.1 2.1

..

—

5.9 0.012

6.1 0.052

7.2 0.045

3.9 1200

Chromium * Chromium '
Total Hexavalent
(»g/l) (mg/1)

<0.05 <0.005

—

2.2 0.020

—

• —

<0.05 <0.005

0.07 <0.005

0.07 <0.005

1300 <0.005

(

<

1. Total chromium, direct aspiration - EPA Method 218.1
2. Total chromium, inductively coupled plasma - EPA Method 200.7
3. Hexavalent chromium, chelation-extraction - EPA Method 218.4

.ilR



OLIN CORPORATION

SURFACE WATER DATA

HAY, 1985

Point No.

SS-1

SS-2

SS-5

SS-11

SS-12

SS-16

Specific Conductance

(pmhos/c*)

375

550

350

550

3100

625

Chromium

Total

pH (tng/U

0.19

<0.005

1.1

0.12

15

' 0.063

Chromium *

Hexavdlent

<»9/l)

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

JWO ' v rp

Si/ >OB

^/:' '66



OLIN CORPORATION
CROUKOWATER DATA

HAY, 1985

Well No.

CW-1

CW-3

CW-1

CW-5

CM- 6

CW-7

CW-8
CW-10

CW-11
CW-12

CW-1 3

CW-U

CW-15

CW-16

CW-17S

CW-1 70

CW-1 60

CW-19S

CW-1 90

CW-20

CW-21

CW-22S

CW-22D

CW-25

1. Total

Water Elevation Cl
(Ft HSL) (ag/1)

76.9
79.9
73.0
76.0
81.2 .
79.9
78.6
80.7
79.9
81.4
77.8
78.2
80.3
86.6
78.8
78.2
76.2

. 81.2
80.7
78.5
83.0
81.2
80.9
80.4

— —

«

—
—.

2700 "
480

—
—

—
—

—620

—.

440

--

—
—

—180

—17000
--

chromium, chel ation-extraction - EPA
2. Hexavalent chromium,

3. Total

chel ation-extraction

SO NH

»• — «•
..

—..

—27000 *
1900 *

—.-

—
_.

.-

250 *

—
—2700 *
.-
._

—
—29 *

—59000 *
.-

Hethod 218.3
- EPA Hethod 218.4

Specific Cond.
(iMhoi/cn)

380
350
1625
450
3000
18500
4250
95

4700
325
220
840>
6300
835

1425
5400
375
3200
3200
€2
725
4400 .

20000+
6400

Chromium
Total
(mg/1)

< 0.005
< 0.005
0.088

< 0.005
< 0.005
12
< 0.005
0.55
0.44
0.069

< 0.005
< 0.005
0.74
.0.12
0.10
4.0

< 0.005
0.37

< 0.005
0.054
0.038
0.22

< 0.005/170'
0.49

Chromium *

Hexavalent

(mg/1)

< 0.005

< 0.005

< 0.005

< 0.005

< 0.005

< 0.005

< 0.005

< 0.005

< 0.005

< 0.005

< 0.005
< 0.005
< 0.005
< 0.005
< 0.005
0.050 \

< 0.005
< 0.005
< 0.005
< 0.005
< 0.005
< 0.005
< 0.005
< 0.005

chromium, direct aspiration - EPA Hethod 218.1

I'.cmtract laboratory obtained conflicting values and matrix interferences while attempting to analyze these samplet

^ujntify level of armonia but concluded that all samples except CW-21 had significantly greater than 100 mg/1 of j

'or ammonia. LoLurator> could not

_\



WILMINGTON

Average Levels, by Year

SOu (mg/1)

Well 1981-82 1983 1984 Trend

GW-1 54.5 18.5 22.0 Same
GW-2A 872.2 255.0 140.0 Dec.
GW-4 1,205.9 560.0 655.0 Dec.
GW-5 1,618.5 655.0 740.0 Dec.
GW-6 17,766.5 1,790.0 1,700.0 Same
GW-7 16,055.5 4,060.0 5,900.0 Dec.
GW-8 ' 2,057.5 2,745.0 1,295.0 Oca-
GW-10 244.5 39.5 18.0 Dec.
Gw-11 3,110.1 1,740.0 755.0 Dec.
GW-13 151.8 ' 8,0 18.5 Dec.
GW-15 336.2 814.0 665.0 Inc.
GW-17D 3,345.4 2,940.0 2,500.0 Same
GW-19S 1,760.7 86.0 980.0 Same
GW-19D 2,409.8 985.0 700.0 Dec.
GW-22S 2,828.3 927.5 1,050.0 Dec.
GW-22D 31,751.3 4,270.0 50,000.0 Same
GH-25 4,860.0 1,755.0 1,035.0. Dec.

MJB/wsr
61/MJB1



WILMINGTON

Average Levels, by Year

NH,-N (mg/1)

UeTI 1981-82 1983 1984 Trend

GW-1 ' 6.4 5.5 1.4 Same
GW-2A 158.6 120.5 52.0 Dec.
GW-4 153.9 180.0 83.0 Dec.
GW-5 139.2 77.0 65.5 Dec.
GW-6 2,710.7 230.0 29.6 Dec.
GW-7 2,192.0 2,200.0 850.0 Dec.
GW-8 " 297.7 500.0 170.0 Same
GW-10 78.9 57.5 1.0 Dec.
GW-11 1,403.1 . - 700.0 265.0 Dec.
GW-13 33.1 • 2.4 0.4 Dec.
GW-15 280.8 660.0 650.0 Inc.
GW-17D 317.0 485.0 210.0 Same
GW-19S 101.7 64.0 26.0 Dec.
GW-19D 591.2 310.0 122.5 Dec.
GW-22S 524.7 22.0 15.9 Dec.
GW-22D 2,810.7 2,450.0 2,250.0 Same
GW-25 1,246.0 3,550.0 390.0 Dec.

MJB/wsr
61/MJB1



OLIN CORPORATION
SURFACE WATER DATA

December, 1981*

Point No.

SS-1

SS-5
C C 11so- 1 1
SS-12
SS-16

Surface Water Cl
Flow (CFS) mg/1

<!'!* ~
0.1£ 180

<0.1* 230
56

mg/I

20

«U

690
45

mg/T

0.49

88

110
0.16

Specific
Conductance
U/nhos/cm

0.318

E2.000

2,800
0.480

PH

5.7

6.4

5.0
5.76

+

Cr »(1)
mg/1

—

<0.050

—~

Cr »(2)
mg/1

—

<0.064

--

—

Dioctyl
Phthatate
mg/1

<5

<5

—<5

N-Nitroso-
di phenylamine

mg/1

1
<5

<5

—<5

* Flow was too low to be measured with the flow meter
Values are estimates based on observation.

27/JWG6

5/8/65



CROUNDWATER DATA

OLIN CORPORATION

December, 1984

Well No.

CW-1
CW-2A
CW-3
CW-4
CW-5
CW-6
CW-7
CW-8
CW-10
CW-11
CW-1 2

CW-13
CW-14
CW-15
CW-1 6
CW-1 75

CW17D
CW-1 85

CW-18D

CW-19S
CW-19D
CW-20
CW-21
CW-22S
CW-22D
CW-23
CW-25

Water Elevation
(Ft. MSL)

77.2
78.4
79.9
76.2
76.2
80.7
79.9 2
78.7
80.6
79.8
80.9
77.7
78.1
79.8 2
80.1
79.7
78.4
Dry
75.7
81.3 1
80.6
77.6
82.9
81.1
80.7 12
77.8
80.2

Cl
mg/1

190

—

190
130

95
,700
730

4.
180
...

22

,100

500

,300
89

150
,000

360

S°4
mg/1

22

—
540
280

1,200
9,600
1,700

0 <20
630

20

450

2,500

860
430

1,000
42,000

1,200

NH
mg/1

1.6

66
34
53

660
160

0.39
150

0.31

600

210

30

85

. 22
2,000

370

Specific
Conductance

Vimhos/cm

920

2,300
1,400
3,200

10,000+
6,100

120
3,000

•

180

10,000-i-)

6,900

2,800
1,800

3,400

5,600

pH

6.35

....

5.15
6.00
5.50
4.60
4.40
4.65
8.30

5.50

8.55

5.15

6.70
6.15

7.05
4.50

8.75

+ M \

Cr > (1)

mg/1

W» V

....

19

<0.050

1099.9

mg/1

13

<0.050

699.9

(1) Total chromium, une.xtrarted • Hexavalent chromium {Cr b), extracted {EPA Methods 218.1-218.4)
(2) Tota l cnromium, ex t rac ted - Hexavaient chromium, ext racted (EPA Methods 218.3-218. ' * )



OLIN CORPORATION
SURFACE WATER DATA

July, 1984

Surface Water
int No. Flow (CFS)

-1 0.160
-2 0.250
-5 0.0579
•11 0.0039
•12 0.0875
-16

DioctyV Phthalate
N-Ni trosodi phenyl ami ne

3/wsr
/JV,u6
/15/84

Cl
mg/1

67

420

420
89

so,
mg/T

24

1200

950
52

Specific
NH3 Conductance

mg/T ymhos/cm pH

<0.05 316 6.3

34 3280 6.8

67 3300 6.3
7.3 510 6.7

•

t

, Dioctyl
Cr ° Phthatate
mg/1 mg/1

0.002

<0.001

<0.001

-

N-Nitroso- c

di phenyl ami ne
mg/1

.. 0.004

0.004

0.013

i



GROUNDWATER DATA
OLIN CORPORATION

JULY, 1984

N-Nitroso-
diphenylamine

No. (Ft. MSL) mg/1 mg/1 mg/1 umhos/cm p_H mg/1 mg/1 mg/1

GW-;
GW-2A — 220 HO 52 1810 9.2 <0.001 0.46 *
GW-3 79.5 -— f
GW-4
GW-5
GW-6
GW-7
GW-8
GW-10
GW-11
GW-I2
GK-13
GW-1C
GW-15 80.7 3100 880 700 11,800 - ' 8.5
GK-1S 80.9 ,
GW- 7S 79.7 -
GVJT-. • NO SAMPLE COLLECTED - PADLOCK JAMMED
GW- !S • Dry
GW- ;3 75.8 f
GW- ;s 81.2 7.0 .1100 22 2250 6.7
GW- 9D 81.2 350 970 160 2910 6.9 ----
GW-2G 78.0 .
G'A-21 83.1 — —
GW-22S 81.0 7.5 1100 9.8 2600 7.3
GW-220 81.1 4900 58,000 2500 62,300 4.1 1500
GW-23 78.5 —
GW-25 80.2 960 870 410 7660 8.3

v."..G. .-.Sr"
2 ~ I i r. C-5

11/15/54

Water Elevation
(Ft. MSL)

77.1

70 t(1 3 . D

79.5
76.0
81.3
79.9 18
78.3
80.8
79.8
fli n01 . u
78.3
7ft 7

Cl
mg/1

220
220

340
450
200
,000
610
11
470

30

mg/1

22
140

770
1200
2200
2200
890
26
880

17

mg/1

1.2
52

100
97
6.1

1040
180
1.7

380

<0.5

Specific
Conductance
umhos/cm

650
1810

2400
295
2590

28,200
4560
118
4740

145

PH

6.6
9.2

6.8
6.6
6.2
4.6
5.1
6.7
9.1

'5.8

Cr+3

mg/1

39

0.09

Dioctyl
Phthatate

mg/1

<0.001



OLIN CORPORATIOM

SURFACE WATER DATA
OCTOBER, 1983

Point No.

55- 1
f.S-2
s:-5
S'J-il
SS-12
SS-16

_. " vro
_ . : / £ •*

Surface Water
Flow (CFS)

0.08125
0.2654
0.0625
0.00688
0.0869

Cl
mg/1

40__

200
--
100
72

SO
mg/T

20__

470
--
265
71

NHL
mg/T

21
--
120

—49
10

Specific
Conductance
pmhos/cm pH

230 6.0__

1900 7.2__

900 7.0
380 6.5

*

, Dioctyl
Cr Phthatate
mg/1 mg/1

0.150__

0.06 0.014

—— _-
0.010

N-flitroso-
diphenylc."-;:
mg/1

<0.001 f

- \
<0.001

--

—0.030

O



OLIN CORPORATION

GROUNDWATER DATA
OCTOBER, 1983

Vie 11 No.

G V J - 1
GK-2A
G -i

•*•- J

GVi-5
G/i-5
GVJ-6
G'.-,'-7
C'.-J-B
G..-10
C.-.-ll
C.-.-12
GW-13
GW-14
G',-J-15
GVI-16
GW-17S
GVJ-17D
C'/.-iss
Gv.-isn
CV.-19S
r./,-i9D
G'..'-20
,"..-; -21
7,;-22S
.v..-2?D
':..'-23

Vlater E l e v .
( F t . MSL)

77.5
--

79.0
76.1
76.2
80.0
79.5
77.1
80.2
80.5
79.3
78.5
78.4
79.9
80.2
78.9

• 78.6
78.1
74.6
80.5
80.2
75.5
82.5
80.7
80.3
7 7 . 9

Cl
mg/1

92
1180
--
274
191
255

3800
995

51
700
--

96

— 6
--

—715
--_ _

32
380_ _
_ _

8-
10000

—

SO.
mg/1

24
330
--

710
370

1710
5130
3990

62
1610

--
9

--
1340

--
--

3470
--

—140
1680

—_ _

1100
5400_ _

mg/?

1.2
160

—100
66

240
3000
610

39
680
--
0.3

--
560

—--
420
--
--
65

500
_-
--
25

3000_ _

Spec i f i c
Conductance
ymhos/cm

520
4100

—2200
1500
3900

30000
8400

560
--
--
360 '

• --
4700

i
--

7100
--
--

2100
5000
--

—2800
49000

—

pH

6.3
5.8
--

5.1
6.0
5.9
4;2
4.3
5.6
8.0

—5.7

—7.6

—
—4.9
--
--

6.1
6.1
--
--

7.2
3.5
--

Cr+3

mg/1

—--

—
—
—65
--
--
<0.05

—. --

—--

—--

—--
--
--
--
--
--
--

830
--

D i o c t y l N - N i t r o s n -
P h t h d t a t e d i p h e n y l a m i n e
mg/1 nig /I

0.110 15
f\

-_ —__ __
__ __
__
__
__

—
—
—
—--_ _

._
--

-
\_ _

_ _
_ _

.__ _

--
.-J5 80.2 650 1910 520 6000 7.0



SURFACE WATER DATA
OLIN CORPORATION

JUNE 1983

Point No.

S5-1
SS-2
SS-5
SS-11
SS-12
SS-16

Surface Water
Flow (CFS)

0.560
0.65
0.23
0.133
0.143
0.675

Cl
mg/1

38

44

110
63

so4
mg/1

1.8

240
• _*

610
71

NH3

mg/1

7.0

85

90
28

Specific
Conductance
vjmhos/cm

135

1259

710
295

£H

5.6

7.2

6.6
6.7

Cr+3
mg/1

<0.05

Dioctyl
Phthalate

mg/1

0.004

<0.001

0.027

N-nitroso-
diphenylamime

mg/1

<0.001

<0.001 *

<0.001

CP



W e l l N o .

O.VM
GVI-2A
GU-3
GU-4
GW-5
GW-6
GU-7
GW-8
GtMO
GVJ-11
GW-12
GW-13
GW-14
GW-15
GW-16
GVJ-17S
GW-17D
GVI-18S
GVf-181)
GU-19S
GVJ-19D
Gl-i'-20
GW-21

G W - 2 2 D
GVi-23
G',-;-25

Water Elevation
( f t . ASL)

77.2

80.3
76.2
75.6
82.1
80.1
77.3
80.9
81.2
80.7
78.9
79.0
80.
81,
79.
79,
77,
77.4
81,
81,
77,
83.
83.
81.4
77.7
80.9

380

57
57

19
2300

1700

GROUNDWATER DATA
OLIN CORPORATION

JUNE 1983

Cl
mg/T

150
490

310
310
89

2700
560
13
840

19

210

so4*t
mg/1

13
180

1050
940
1870
2990
1500

17
1870

7

289

NH,
0

mg/1

9.8
81

260
86
220
1400
390
76
720

4.5

760

Specific
Conductance
ymhos/cm

6200
1260

1484
3111
2300
19700
2750
80

8000.

45 '

2740

2410

3.2
290

755
3140

1600

550

62
120

19
1900

1100

8140

2340
820

2190
56000

17370

6.7
6.2

6.1
6.1
5.9
4.8
5.3
4.5
9.2

5.8

7.4

5.2

7.2
6.8

7.2
4.2

7.2

+3 Dioctyl
Cr' J Phthalate
mg/1

0.21

N-nitroso-
diphenylamine

mg/T

6.5

61

0.11

590

-J
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TABLE 4

Waste Characteristics Values

DRAFT
1/11/84

Chemical/Compound
Toxicity/
Persistence1 Toxicity^ Reactivity'

Acenapthene 9
Acetaldehyde 6
Acetic Acid 6
Acetone 6
2-Acetylamlnoflourene 18
Aldrin 18
Ammonia 9
Aniline 12
Anthracene IS
Arsenic 18
Arsenic Acid 18
Arsenic Trioxide 18
Asbestos 15

Barium (Ba) 18
Benzene 12
Benzidine 18
Benzoapyrene 18
Benzopyrene, NOS 18
Beryllium & Compounds
NOS (Be) 18

Beryllium Dust, NOS 18
Bis (2-Chloroethyl)
Ether 15

Bis (2-Ethylhexyl
Phthalate 12

Bromomethane 15

Cadmium (Cd) 18
Carbon Tetrachloride 18
Chlordane 18
Chlorobenzene 12
Chloroform 18
3-Chlorophenol 12
4-Chlorophenol 15
2-Chlorophenol 12
Chromium (Cr) 18
Chromium, Hexavalent
(Cr+6) 18

3
6
6
6
9
9
9
9
9
9
9
9
9

9
9
9
9
9

9
9

3
9

9
9
9
6
9
6
9
6
9

0
2
1
0
0
0
0
0
0
0
0
0
0

2
0
0
0
0

0
0

0
0

0
0
0
0
0
0
0
0
0



Table 4 (cont.)

DRAFT
1/11/84

Chemical/Compound
Toxicity/
Persistence^- Toxiclty2 Reactivity2

Chromium, Trivaleiit
(Cr+3) 15

Copper & Compounds,
NOS (Cu) 18

Creosote 13
Creaols 9
Cyanides (soluble
salts), NOS 12

Cyclohezane 12

DDE 18
DDT 18
Dlamlnotoluene 18
1, 2-Dibromo 3
chloropropane 18

Di-N-Butyl-Phthalate 18
1, 4-Dichlorobenzene 13
Dlchlorobenzene, NOS 18
1, 1-Dlchloroethane 12
1, 2-Dlchloroethane 12
1, 1-Dlchloroethene 15
1, 2-trans-Dichloro-
ethylene 12

Dlchloroethylene, NOS 12
2, 4-Dlchlorophenol 18
2, 4-Dlchlorophenoxyacetlc
Acid 18

Dlcyclopentadlene 18
Dleldrln 18
2, 4-Dinltrotoluene 15
Diozln 18

Endosulfan 18
Endrln 18
Ethylbenzene 9
Ethylene dibromide 18
Ethylene Glycol 9
Ethyl Ether 18
EthyImethacrylate 12

Fluorine (F) 18
Formaldehyde 9
Formic Acid 9

9
6
9

9
6

9
9
6

9
6
6
6
6
9
9

3
3
6

9
9
9
9
9

9
9
6
9
6
6
6

9
9
6

0
0
0

0
0

0
0
0

0
0
0
0
0
1
2

2
2
0

0
1
0
3
0

0
0
0
0
0
1
0

4
0
0



Table 4 (coat.)

-Z3

1/11/34

Chemical/Compound
Toxicity/
Persistence^ Toxicity2 Reactiv-f r-grZ

Stavy y.etals, 5CS 13
Heptachlor 18
Hexachlorobenzene 18
Hexachlorobutadlene
(C16) 18

Hexachlorocyclohexane,
NOS 18

Hexachlorocyclopentadiene
(C5,6) 18

Hydrochloric Acid 9
Hydrogen Sulflde 18

Indene 12
Iron & Compounds, NOS
(Fe) 18

Isophorone 12
Isopropyl Ether 9

Kelthane 15
Kepone 18

Lead (Pb) 18
Llndane 18

Magnesium & Compounds,
NOS (Mg) 15

Manganese & Compounds,
NOS (Mn) 18

Mercury (Hg) 18
Mercury Chloride 18
Methoxychlor 15
4, 4-Methylene-Bis-(2-
Chloroaniline) 18

Methylene Chloride 12
Methyl Ethyl Ketone 6
Methyl Isobutyl Ketone 12
4-Methyl-2-Nitroaniline 12
Methyl Parathion 9
2-Methylpyridine 12
Mirex 18

Napthalene 9
Nickel & Compounds, NOS
(Ni) 18

9
9
6

9

9

9
6
9

9
6
3

6
9

9
9

9
9
9
6

9
6
6
6
9
9
6
9

6

9

0
0

1

0

2
2
0

0
0
1

0
0

0
0

0
0
0
0

0
1
0
0
3
0
0
0

0

0



Table 4 (eont.)

DRAFT
1/11/84

Chemical/Compound
Toxicity/
Peralstencel ToxlcltyZ Reactivity2

Nitric Acid 9
Nitroaniline, NOS 18
Nitrogen Compounds, NOS 12
Nitroguanldine 12
Nltrophenol, NOS 15

Parathlon 9
Pentachlorophenol (PCP) 18
Pesticides, NOS 18
Phenanthrene 13
Phenol ' 12
Phosgene 9
Polybrominated Biphenyl
(PBB), NOS 18

Polychlorinated Blphenyls,
NOS 18

Potassium Chromate 18

Radium & Compounds, NOS
(Ra) 18

Radon & Compounds, NOS
(Rn) 15

2, 4-D, Salts & Esters 18
Selenium (Se) 18
Sevln (Carbaryl) 18
Sodium Cyanide 12
Styrene 9
Sulfate 9
Sulfurlc Acid 9

1, 1, 2, 2-Tetrachloro-
ethane 18

Tetrachloroethane, NOS 18
1, 1, 2, 2-Tetrachloro-
ethene 12

Tetraethyl Lead 18
Tetrahydrofuran (I) -18-
Thorium & Compounds, NOS
(Th) 18

Toluene 9
Tozaphene 18
Tribromomethane 18
1, 2, 4-Trichlorobenzene 15
1, 1, 1-Trichloroethane 12

9
9
0
9
9

9
9
9
9
9
9

9
9

9
9
9
9
6
0
9

9
9

6
9
6

9
6
9
9
6
6

2
3

3
2

0
0
0
0
2*
1

0
0

0
0
0
0
1
0
2

0
0

0
0
0

2
0
0
1
0
0



DRAFT
1/11/84

Table 4 (cont.)

Toxiclty/
Chemical/Compound Persistence1 Torlcity2

1 , 1 , 2-Trichloroethane 1 5 6 0
Trichloroethane, N O S 1 5 6 0
Trichloroethenc -16- |2_ £- ^ 0
1 , 1 , 1-Trichloropropane 1 2 6 0
1 , 1 , 2-Trichloropropane 1 2 6 0
1 , 2 , 2-Trichloropropane 1 2 6 0
1 , 2 , 3-Trichloropropane 1 8 9 0

Uranium & Compounds, NOS
( U ) 1 8 9 2

Varsol 12 6 0
Vinyl Chloride 15 9 1
Xylene 9 6 0
Zinc & Compounds, NOS

(Zn) 1 8 9 1
Zinc Cyanide 1 8 9 0
2 , 4 , 5 - T / % ^ 0

^ Values for groundwater and surface water routes

2 Values for air route

* Only in pure fora; otherwise, 0
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INTERVIEW ACKNOWLEDGEMENT FORM

Site Name Olin Chemical I.D. Number 50086.10
Person Contacted Mr. Paul Duggan Date September 10, 1986

Title Water and Sewer Department
Affiliation Wilmington Town Hall Phone Number (617) 658-4711

Address 121 Glen Road

Wilmington, Massachusetts 01887

Type of Contact Telephone Call Contact Personfe) David B. Thornpkins

Interview Summary

Distribution map of municipal water system is available from Town Engineer.

Approximately 20 homes are located southwest of the site and are not serviced by
municipal water supplies. These homes obtain groundwater fron private wells for
domestic use.

Currently there *^/are not^lans to extend the water system to these homes (please
circle correct choice)r

The Water Department has no record or history of these wells (i.e., aquifer location,
etc.). ^^ s* •&• ^ = <S -

On the attached map, please indicate the locations of wells and pumping stations for
the Town system.

Estimated population served by the Town system.is

Acknowledgement

I have read the above transcript and I agree that it is an accurate summary of the
information verbally conveyed to Wehran Engineering interviewer(s) (as revised below, if
necessary).

Revisions (please write in any corrections needed to above transcript)
/•i/\f</~ A^ct*' /?&'t" c-~S> f&si'S^- "^' /^Cr^'/S^- ?S<.-<-<-J y/iFs?/^^ <?/<, ' *J s->*-,t
(^ crw, rv,;->,!- c-xv^/c-xi. xrsW/x:,-/ c/ /*(-*•(.'/, -^si.-.-i,-j-S.fs,e:,^

1

Signature ^,-, / •. <• ; ^ /^ - . ' ̂ . . Date

/
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I'OI'L'I.ATIOr.1 rr

Population williin n .1-niilo nsilins o! CIH-II I'lui^c I silo is (lotnriiiinc-cl nvinj
the coordiunle system illuslrtilcd hclow. Tlir unmoor of rpsuioi^p" for ( nrli qiiiin.-nnl
and .'cclion is dclenninpil !iy ovprlnyins 1111= patloni an\o n (.'.S.CI.S. T.r> iinniiiv
tofxjpi'npliic map- A mull iiilior of ;i.R u-rrMjus t>fr rrsiiicuce is usefJ to nclr :mne
population in accordance w i t h ,"liiri! iModel 198";.

A = I iniie rsrtius

H - 1 mile mdius

C - " mile ruc!iu.<:

(Tigin-e nol To Scalo)
= H 75-0

VI .>
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314 CMR: DIVISION OF WATER POLLUTION CONTROL

Wilmington

Burlington

\
\\
V

LtMiaglan

North

WINCHESTER
RESERVOIRS

MYSTIC LAKES

Mldtord

Boston

MYSTIC RIVER BASIN
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TABLE 18

MYSTIC RIVER BASIN

DRAINAGE AREA 19a

CD
CO

BOUNDARY MILE POINTS CLASSIFICATION

o

to
LJ

Abjerona Rjvar

Source to outlet Mlshawan Lake

Outlet Mishauam Lake co Inlet
Hystlc Lake

Upper Hystlc Lake

Lower Hystlc Lake

Hyatlc Rtvar

Outlet Lower Hyatlc Lake Co Aaulla
Earhart Daa

Ariel la Earhart Dan co confluence

18.4

15.1

9.2

8.1

7.4

2.0

- 15.1

- 9.2

- 8.1

- 7.4

- 2.0

- 0.0

B

B

B

B

B

:;c
with the Chelsea River

Maiden River

Entire Length • I

Aleulfe Brook

Entire Length

Horn Pond, Woburn

North Reservoir, Middle Reservoir, and
South Reservoir ID Winchester, Stoneham
and Bedford

Crystal Lake Wakefleld and Stoneham

Other surface waters In the Mystic
River Drainage Basin unless otherwise
denoted above

1.9 - 0.0

2.0 - 0.0 B

B

A

A

B

DESIGNATED USES

Warm Water Fishery
Recreation (P&S)

Warm Water Fishery
Recreation (P&S)

Warm Water Fishery
Recreation (P&S)

Warm Water Fishery
Recreation (P&S)

Warm Water Fishery
Recreation (P&S)

Marine Fishery
Recreation (S)

Warm Water Fishery
Recreation (P&S)

Warm Water Fishery
Recreation (P&S)

Warm Water Fishery
Recreation.(P&S)

Public Water Supply

Public Water Supply

OTHER RESTRICTIONS

Regulation 4.3

Emergency Water
Supply

MGL, Ch. Ill

Treated

Regulation 4.3

u>
i-"
>tt

O

O

o
•z.
O

f.
>
H

-o
O
t-
H
O

oo
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314 CMR: DIVISION OF WATER POLLUTION CONTROL

4.03: continued

(2) Coordination with Federal Criteria. The Division will use the EPA
publication entitled Quality Criteria for Water. EPA-440/9-76-023 as
guidance in establishing case-by-case discharge limits for pollutants
not specifically listed in these standards but included under the
heading "Other Constituents" in 314 CMR 4.03(4), for identifying
bioassay application factors and for interpretations of narrative
criteria. Where the minimum criteria specifically listed by the Division
in 314 CMR 4.03 differ from those contained in the federal criteria, the
provisions of the specifically listed criteria In 314 CMR 4.03 shall
apply.

(3) Classes and Designated Uses. The waters of the Commonwealth
will be assigned to one of the classes listed below. Each class is
defined by the most sensitive, and therefore governing, uses which it
is intended to protect. The classes are:

Classes for Inland Waters

Class A - Waters assigned to this class are designated for use as a
source of public water supply.

Class B - Waters assigned to this class are designated for the uses of
protection and propagation of fish, other aquatic life and wildlife; and
for primary and secondary contact recreation.

Class C - Waters-assigned to this class are designated for the uses of
protection and propagation of fish, other aquatic life and wildlife; and
for secondary contact recreation.

Classes for Coastal and Marine Waters

Class SA - Waters assigned to this class are designated for the uses of
protection and propagation of fish, other aquatic life and wildlife; for
primary and secondary contact recreation; and for shellfish harvesting
without depuration In approved areas.

Class SB - Waters assigned to this class are designated for the uses of
protection and propagation of fish, other aquatic life and wildlife; for
primary and secondary contact recreation; and for shellfish harvesting
with depuration (Restricted Shellfish Areas).

Class SC - Waters assigned to this class are designated for the pro-
tection and propagation of fish, other aquatic life and wildlife; and for
secondary contact recreation.

(4) Minimum Criteria. The following minimum criteria are adopted and
shall be applicable to all waters of the Commonwealth.

A. These minimum criteria are applicable to all waters of the
Commonwealth, unless criteria specified for individual classes are
more stringent.

Parameter Criteria

1. Aesthetics All waters shall be free from pollutants
in concentrations or combinations that:
(a) Settle to form objectionable deposits;
(b) Float as debris, scum or other matter

to form nuisances;
(c) Produce objectionable odor, color,

taste or turbidity; or
(d) Result in the dominance of nuisance

species.

12/31/83 Vol. 12A - 178
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1

TA3L2 2

PZHJffiABILITT OF GEOLOGIC MATERIALS*

Approximate Ha age of Assigned
Type of Material _ Bydraulic Conductivity _ Value

Clay, coapact till, shale; unfraccured <10~' ca/sec ' 0
aetaaorpoic and igneous roc its

Silt, loess, silty claya, silty 10~5 - 10~7 ca/sec 1
loans, clay loaas; less peraeabla
liaestone, doloaites, and sandstone;
aoderately peiaeable till

?ine sand and silty sand; sandy 10~3 - 10"5 ca/sec 2
loans; loamy sands; aode lately
permeable liaestone, dolcaites, and
saodacone (no karsc); moderately
fractured igaeox-.a and metaaorphic
rocxa, soae coarse till

Gravel, sand; highly fractured >10~ ca/sec
igneous and aetaaorphic rocks;
peraeable basalt and lavas;

limestone and dolomite

*Derived froa:

Davis, S. H., Forosity and Perneability of natural Materials in Flaw-Through
Porous Media, R.J.H. Detfest ed., Academic Press, New Torle, 1969

1
Freeze, R. A. and J.A. Cherry, Ground water, P«ntice-2all, Inc., Hev York, 1979
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UKAH ANNUAL MICE EVAPORATION
(In Inchon)

_. -V•*;.,_ Lc-
Source: Clln«Clc Atlaa of the DnlCed States, U.S. Department of Commerce, National Climatic

Center, Aahvilla, H.C. , 1979.

FIGURE 4
MEAN ANNUAL LAKE EVAPORATION

(IN INCHES)
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TABLE 9

CONTAINMENT VALUES FOR SURFACE WATER ROUTE

Ln

aalgn containment a value of 0 ill (1) all tl* va«ce at the sit* !• aurrouiwUd by diversion structure* that are la eouad condition and adequate to contain
11 runoff, spllla. or laeka fro* the va«t«| or (2) inttrvenlug terrain precludes runoff fro* •nt«rlo( curftc* w«t«r. Oth«rwl»*t •v*lu«t« tt>« coat*lo»«ac
or *«ch of tha dl(f«r«aC i»«*n* of «tora(t or dlcpo««l tt tb« *tt« «aj •••i(a * v«lu* *« Colltnioi

Sound diking or div«rolon atructur*.

Sound diking or <Hv«r« Ion atfuctur*. but
ln«d«qu«t* fr««bo«rd

Diking not Itiklng, but potentially unvouud

Diking unbound, leaking^ or In d*ng«r
of coll«p««

Containers »««lcd. In sound condition^ *nj «uf-
rounJ«d by cound diversion or contiliutcnt •f«L

Conl«ln«r« »c«l«d and In »ound condition,
v but not Burroundtd by aounJ div«r«Lon

Cof\t»tn*f» leaking «nii dlvvnton or Cont«lii»«Dt
•tructuro pot«ncl*lly unbound

Cont•Inar• leaking, *nd no diversion or containment
• tructurce or dlvcrtlon •ttuciuvaa leaking, or la
d*ng«c of coll*p««

c.

Fllee «re covered «nd turroimded

by eound div«r«loo or co(it>ln»»ac «yet«m

dlv
olld«t«d,
yetev Dot

File* not covered, w«*te« uncoueoll-

d*c«J t and Jlv«r*lort or contalnaMat
ey«te« i>oc*nclaLly uoeound

Tila« not covered, uaatea tmconiolldat'd,

and no diversion or contaliuMnt or dlveraloo

•y»lc« leaking or In danger or collap**

D.

taiulflll elop* precUklca iuiu>(fv landfill
•urrounded by aounJ dlvaralou >yat«»,
or lanJflll hai ad*quata cover auterlal

Landfill not ade^uataly covered *od
diversion •ytce* auund

Landfill not cov«r«d aod dtveraloa ayeten
potentially unaounj

LanJflll not covered and no diversion
ay*t«at pr«e*nt, or diversion eyetcet uneound

Aealgned V*lu«

.0



:•" • " • ' • ' -'̂ -.^^^ilininatw^Reodina'Areo :r' : '•'- ̂  .;-;V. ^;; >
• • ' , - ,/,- vv.;v^.<£&,!# i.^^«^vvv.^^^^"*v'^;:r^^.'!J'^'''''

• .* V&^Jw&. -V-•'•:.•'•<tf&^ ••*./:- •;•>'>>; i,^;,:* .v-V;.^.,»
•: K - • . . : - . w^wgi. y£$&£•?*• * ••• = .r ':'^'V 'r:: '̂:''̂ &^

•^••'•.''•^-v.'^'i'-r*
l ' . - - . . . -1V -•••.'• • ' • • • ? » !•..-.i?1- ' .••:•:•• . V. ,.-
l^^:)-^:?:^;.:;/-

jv^nssHP-'1 .y'/j*)' 'V^>,•••?"'•',•••«• •"••'..

«/••>- .' ' ;: . • '-.'- ;
i • ••'••. -»'"•;; •• T' ';..'r. ..'

'•r^>:;-:"!.'x:',':,<f

1 PREPARED IN COOPERATION WITH, 'r
THE COMMONWEALTH OF MASSACHUSETTS

DEPARTMENT OF PUBLIC WORKS, BOSTON, MASSACHUSITTS
" v •"•"'•' ' ; ' ' . , ' ' . ' . . . . . • ;:•'!!'" : . -I' . '
- - • . . . • - ; • • • > . • . . ' • • • '-196T • - • • - • - • • • . - •



z

V W "
\ ^W

<B> ' IM-W. /



REFERENCE 12


